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(57) ABSTRACT 

An optical probe System comprises an optical probe that is 
inserted into a body cavity, a light Source that generates light 
which is irradiated to an object, and a high-magnification 
observation unit included in the distal Section of the optical 
probe. The optical probe System further comprises: an image 
digitization unit that digitizes a luminance Signal produced 
by the high-magnification observation unit; an image param 
eter Sampling unit that Samples an image parameter from an 
image, an optimization parameter calculation unit that cal 
culates an optimization parameter on the basis of the image 
parameter; an image optimization unit that optimizes an 
image according to the optimization parameter, an image 
display device on which an optimized image is displayed; 
and a digital image preservation unit in which a digitized 
image is preserved. 
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OPTICAL PROBE SYSTEM 

0001. This application claims the benefit of Japanese 
Applications No. 2002-279905 filed on Sep. 25, 2002, No. 
2002-290410 filed on Oct. 2, 2002, and No. 2003-317380 
filed on Sep. 9, 2003, the contents of which are incorporated 
by this reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an optical probe 
System that uses an optical probe to produce an image of an 
optically Scanned intracavitary region. 

0004 2. Description of the Related Art 
0005. In recent years, for example, Japanese Unexamined 
Patent Application Publication No. 2000-126115 discloses a 
related art adapted to an optical probe System that uses an 
optical Scanning probe to observe a living tissue in enlarge 
ment. 

0006 According to the related art, light is scanned even 
in a depth direction So that an image in the depth direction 
can be produced. 

SUMMARY OF THE INVENTION 

0007 Accordingly, an optical probe system in accor 
dance with the present invention comprises an optical probe 
that is inserted into a body cavity, a light Source that 
generates light which is irradiated to an object, and a 
high-magnification observation unit included in the distal 
Section of the optical probe. 

0008. The optical probe system further comprises: 

0009 an image digitization unit that digitizes a 
luminance Signal produced by the high-magnifica 
tion observation unit; 

0010 an image parameter sampling unit that 
Samples an image parameter from an image, 

0011 an optimization parameter calculation unit 
that calculates an optimization parameter on the 
basis of the image parameter; 

0012 an image optimization unit that optimizes an 
image according to the optimization parameter; 

0013 an image display device on which an opti 
mized image is displayed; and 

0014 a digital image preservation unit in which a 
digital image is preserved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 to FIG. 12 are concerned with a first 
embodiment of the present invention; 
0016 FIG. 1 shows the overall configuration of an opti 
cal Scanning probe System in accordance with the first 
embodiment; 

0017 FIG.2 shows the configuration of the distal section 
of an optical scanning probe shown in FIG. 1; 

Oct. 28, 2004 

0018 FIG. 3 is a block diagram showing the components 
of a personal computer and an image parameter Sampling 
means shown in FIG. 1; 
0019 FIG. 4 shows an endoscope through which the 
optical Scanning probe is passed; 

0020 FIG. 5 is a sectional view showing the structure of 
the distal Section of a confocal optical Scanning probe; 
0021 FIG. 6 schematically shows the structure of an 
optical unit shown in FIG. 5; 
0022 FIG. 7A and FIG. 7B graphically show time 
Sequential luminance data that is transferred to a contrast 
converting means, and graphically show changed luminance 
data together with a contrast changing expression; 
0023 FIG. 7C graphically shows changed luminance 
data together with a contrast changing expression different 
from the expression shown in FIG. 7B; 
0024 FIG. 8 shows examples of produced time-sequen 

tial image frames, 
0025 FIG. 9A and FIG. 9B are explanatory diagrams 
concerning Sampling of images, which are actually dis 
played on a multi-image display means, from the time 
Sequential frame images shown in FIG. 8, and displaying of 
the images, 

0026 FIG. 10 is a flowchart describing displaying of 
images in areas R2 to R4 on the multi-image display means; 

0027 FIG. 11A and FIG. 11B show a file structure in 
which image data representing one frame image and image 
parameters are preserved in a digital image preserving 
means, and a file Structure in which a plurality of frame 
images is preserved; 

0028 FIG. 12 is a flowchart describing displaying of 
images in the areas R2 to R4 on the multi-image display 
means according to a variant; 
0029 FIG. 13 is a block diagram showing the circuit 
elements of a contrast converting means and its peripherals 
employed in a Second embodiment of the present invention; 

0030 FIG. 14A to FIG. 17 are concerned with a third 
embodiment of the present invention; 
0031 FIG. 14A and FIG. 14B show a histogram 
expressing an image whose contrast is not converted and a 
histogram expressing an image whose contrast is converted 
according to the third embodiment; 
0032 FIG. 15 is a flowchart describing histogram con 
version from the histogram shown in FIG. 14A to the one 
shown in FIG. 14B; 

0033 FIG. 16 is a flowchart describing operations to be 
performed according to a first variant; 
0034 FIG. 17 is a flowchart describing operations to be 
performed according to a Second variant; 

0035 FIG. 18 to FIG. 20 are concerned with a fourth 
embodiment of the present invention; 
0036 FIG. 18 schematically shows images produced by 
Scanning an object in a depth direction using a condenser 
lens employed in the fourth embodiment; 
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0037 FIG. 19 shows an example of time-sequential 
imageS produced by Scanning an object in a depth direction 
in the case of FIG. 18; 
0.038 FIG. 20 shows the image data and image param 
eters preserved in the digital image preserving means, 
0039 FIG. 21 to FIG. 23 are concerned with a fifth 
embodiment of the present invention; 
0040 FIG. 21 schematically shows an image produced 
when a Shake occurs in a horizontal direction in the fifth 
embodiment; 
0041 FIG. 22 shows an example of four images pro 
duced in the case of FIG. 21; 
0.042 FIG. 23 shows an image produced by pasting the 
four images shown in FIG. 22; 
0043 FIG. 24 and FIG. 25 are concerned with a sixth 
embodiment of the present invention; 
0044 FIG. 24 shows the structure of an optical scanning 
means employed in the Sixth embodiment; 
004.5 FIG. 25A to FIG. 25D are explanatory diagrams 
concerning displaying of an image with little distortion 
produced by masking an image produced using the optical 
scanning means shown in FIG. 24; 
0.046 FIG. 26 shows the structure of a high-magnifica 
tion observing means employed in a Seventh embodiment of 
the present invention; 
0047 FIG. 27 to FIG. 49 are concerned with an eighth 
embodiment of the present invention; 
0048 FIG. 27 shows the overall configuration of an 
optical Scanning observation unit employed in the eighth 
embodiment; 
0049) 
0050 FIG. 29 is an explanatory diagram concerning a 
method of defining an area in a case where an area is Selected 
as a reference for display; 
0051 FIG.30 is a flowchart describing the entire process 
from designation of a display/preservation method to execu 
tion of display/preservation; 
0.052 FIG. 31 is a flowchart describing designation of a 
display/preservation mode, 
0.053 FIG. 32 is a flowchart describing designation of a 
reference for Selection; 

0054) 
area, 

0055 FIG. 34 is a flowchart describing designation of 
timing; 
0056 FIG. 35 is a flowchart describing designation of 
Simultaneously preserved data; 

0057 FIG. 36A and FIG. 36B list patterns in which 
display and preservation of a specific image can be Selected 
or designated by determining various parameters, 
0.058 FIG. 37 is a flowchart describing display/preser 
Vation to be performed in a case where a display/preserva 
tion mode is set to a Specific-image display/preservation 
mode, a reference for Selection is set to a luminance value 

FIG.28 shows an example of display on a monitor; 

FIG.33 is a flowchart describing designation of an 
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(=150), designation of a size is disabled (off), timing is set 
to the start of Scanning, blur correction is disabled (off), and 
Simultaneously preserved data is Set to a normal endoscopic 
image and a Scale, 
0059 FIG. 38 is a block diagram showing the circuit 
elements of a Signal processing circuit included when a 
reference for Selection is Set to a luminance value; 
0060 FIG. 39 is a timing chart indicating the timing of 
Starting or stopping display and preservation when timing is 
Set to the Start of Scanning, 
0061 FIG. 40 is a flowchart describing a process to be 
executed when the designation of a Size that is one of the 
parameters described in FIG. 37 is enabled (on); 
0062 FIG. 41 is a flowchart describing a process to be 
executed in case where a display/preservation mode is Set to 
a Specific-image display/all-imageS preservation mode, a 
reference for Selection is set to an area, timing is Set to the 
execution of freeze (the time of displaying a still image), 
blur correction is disabled (off), and Simultaneously pre 
Served data is Set to a text; 
0063 FIG. 42 is a timing chart concerning the process 
described in FIG. 41; 

0064 FIG. 43 is a flowchart describing a process to be 
executed in a case where a display/preservation mode is Set 
to an all-images display/specific-image preservation mode, a 
reference for Selection is set to a frame image, the number 
of Specific frame images is 50 ranging from frame image 1 
to frame image 50, timing is Set to the timing preceding or 
Succeeding freeze (a timing position is set to -10), blur 
correction is disabled (off), and Simultaneously preserved 
data is Set to a cursor, 

0065 FIG. 44 is a timing chart indicating the start of 
display and preservation that precedes or Succeeds freeze as 
designated in the case described in FIG. 43; 
0066 FIG. 45 is an explanatory diagram showing data to 
be preserved when the timing is Set to the timing preceding 
or Succeeding freeze; 
0067 FIG. 46 is a flowchart describing a process to be 
executed in a case where a display/preservation mode is Set 
to a specific-image display/preservation mode, a reference 
for selection is set to a time, a specified time is set to 1000 
mSec, and timing is Set to the Start of laser light emission, 
blur correction is disabled (off), and Simultaneously pre 
Served data is Set to a normal endoscopic image; 
0068 FIG. 47 is a timing chart indicating the start/stop of 
display and preservation to be performed in the case 
described in FIG. 46; 

0069 FIG. 48 is a flowchart describing a process to be 
executed in a case where a display/preservation mode is Set 
to an all-images display/preservation mode, timing is Set to 
the start of blur correction, and blur correction is enabled 
(on), and simultaneously preserved data is set to a scale; 
0070 FIG. 49 is a timing chart indicating the start/stop of 
display or preservation to be performed in the case described 
in FIG. 48; 

0071 FIG. 50 and FIG. 51 are concerned with a ninth 
embodiment 2 of the present invention; 
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0072 FIG. 50 shows the configuration of an optical 
probe System in accordance with the ninth embodiment 2, 
and 

0073 FIG. 51 shows an example of use of an optical 
probe shown in FIG. 50. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.074 Referring to the drawings, embodiments of the 
present invention will be described below. 
0075) (First Embodiment) 
0076 Referring to FIG. 1 to FIG. 12, a first embodiment 
of the present invention will be described below. 
0077. In an optical scanning probe system (more broadly, 
an optical probe System or optical imaging System) 1 of the 
first embodiment shown in FIG. 1, low-coherent near infra 
red light emanating from a low-coherent light Source 2 is 
propagated over a first optical fiber 3, and branched into a 
third optical fiber 5 and a fourth optical fiber 6 by an optical 
coupler 4 that has four input and output terminals. 
0078 Visible laser light emanating from an aiming beam 
laser 7 is introduced into the third optical fiber 5 by an 
optical coupler 8. The third optical fiber 5 is joined to a fifth 
optical fiber 10 via an optical connector 9, and propagates 
low-coherent light to an optical Scanning probe 11A. 
007.9 FIG.2 shows the configuration of the distal section 
56 of the optical scanning probe 11A. Low-coherent light 
emitted from the end of the fifth optical fiber 10 is converged 
as viewing light (viewing beam) 13 at a viewing point 15 
within an object of observation 14 by means of a condenser 
lens (objective lens) 12 that converges light. An objective 
unit 16 comprising the end of the fifth optical fiber 10 and 
the condenser lens 12 includes an optical Scanning means 
17, and scans the object of observation 14 that is an object 
while moving the viewing light 13 and viewing point 15 in 
two-dimensional directions. 

0080 Moreover, the objective unit 16 is connected to a 
depth-direction Scanning means 18 Serving as a focus mov 
ing means, and can therefore Scan the viewing point 15 in the 
depth direction. The optical Scanning means 17 and depth 
direction Scanning means 18 are driven by a Scanning 
driving means 19 shown in FIG.1. That is, the focus moving 
means moves the condenser lens 12 and optical Scanning 
means 17 as one united body in optical-axis directions. 
0081. The optical scanning probe 11A is a thin soft 
tubular body and can therefore be readily inserted into a 
body cavity directly or trans-endoscopically and trans-Vas 
cularly. Moreover, the optical Scanning probe 11A may be 
constructed as an endoscope having an observation optical 
System. 

0082 The fourth optical fiber 6 is coupled to a frequency 
shifter 21. An output of the frequency shifter 21 is routed to 
a sixth optical fiber 22. A phase modifying means formed 
with an acoustooptic device (AOM), an electrooptic device 
(EO), or a piezoelectric element with a fiber loop can be 
adopted as the frequency shifter 21. 
0.083 Light emitted from the end of the sixth optical fiber 
22 is introduced into a movable mirror 24 via a collimator 
lens 23. The movable mirror 24 is moved in the directions 
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of the ray axis of emission light by means of a mirror driving 
means 25. The end of the sixth optical fiber 22, collimator 
lens 23, movable mirror 24, and mirror driving means 25 
constitute an optical path length adjusting means 26. 
0084. A second optical fiber 27 coupled to the remaining 
terminal of the optical coupler 4 is coupled to a photo 
detector 28. Preferably, a single-mode optical fiber, a low 
order multi-mode optical fiber capable of fully Sustaining 
coherence, or a polarization-preserving optical fiber may be 
adopted as the first optical fiber 3, second optical fiber 27, 
third optical fiber 5, fourth optical fiber 6, fifth optical fiber 
10, and sixth optical fiber 22. 
0085 Near-infrared low-coherent light emanating from 
the low-coherent light Source 2 is introduced to the first 
optical fiber 3, and branched into the third optical fiber 5 and 
fourth optical fiber 6 by the optical coupler 4. Light intro 
duced into the third optical fiber 5 is introduced into the 
optical Scanning probe 11A via the optical connector 9 over 
the fifth optical fiber 10, and emitted as the viewing light 13 
to the object of observation 14. 
0086 The optical scanning means 17 and depth-direction 
Scanning means 18 Sweep the Viewing light 13 and viewing 
point 15 so as to scan the object of observation 14. Light 
reflecting or Scattering from the viewing point 15 in the 
object of observation 14 returns to the fifth optical fiber 10 
via the condenser lens 12, and goes back to the third optical 
fiber 5 by following the foregoing path inversely. This light 
path shall be called an object-side path 29. 
0087. Similarly, low-coherent light branched into the 
fourth optical fiber 6 has the frequency thereof shifted by the 
frequency shifter 21, and is then emitted to the collimator 
lens 23 over the sixth optical fiber 22. The light incident on 
the collimator lens 23 is recomposed into Substantially 
parallel rays, and introduced into the movable mirror 24. The 
light reflected from the movable mirror 24 is introduced into 
the sixth optical fiber 22 by the collimator lens 23, and thus 
returns to the fourth optical fiber 6. This light path shall be 
called a reference path 30. 
0088. The light waves traveling along the object-side 
path 29 and reference path 30 respectively are mixed by the 
optical coupler 4. ASSume that the optical path length of the 
object-side path 29 and that of the reference path 30 agree 
with each other within the range of the coherence length of 
light emanating from the low-coherence light Source 2. In 
this case, the photo detector 28 detects an interference wave 
whose frequency change is equal to or twice greater than a 
frequency shift produced by the frequency shifter 21 through 
the second optical fiber 27. 
0089. Herein, the mirror driving means 25 included in the 
optical path length adjusting means 26 is used to adjust the 
position in an optical-axis direction of the movable mirror 
24 so that the optical path length of the reference path 30 will 
agree with the optical path length of the object-side path 
extending to the Viewing point 15. Consequently, informa 
tion fetched from the viewing point 15 is acquired as an 
interference wave all the time. 

0090 The photo detector 28 converts the detected inter 
ference wave into an electric Signal. The electric Signal is 
transferred to an analog Signal processing circuit 31. AS 
shown in FIG. 3, the analog signal processing circuit 31 
comprises an amplifier 32, a filter 33, and a logarithmic 
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amplifier 34. The amplifier 32 amplifies the signal, the filter 
33 Samples a Signal component having a predetermined 
frequency, and the logarithmic amplifier 34 produces a 
logarithmic function of the Signal. Thereafter, the resultant 
Signal is transferred to an A/D converter 35, and analog-to 
digital converted. 
0.091 In this case, the scanning driving means 19 moves 
the viewing point 15 of the viewing light 13 two-dimen 
Sionally, that is, Substantially vertically and in the depth 
direction. Synchronously with a Scanning control Signal, the 
A/D converter 35 analog-to-digital converts the received 
Signal. The resultant Signal is fetched into a personal com 
puter (PC) 36. 
0092. As shown in FIG. 3, signal data of, for example, 8 
bits long transferred from the A/D converter 35 to the PC36 
is Stored in a frame memory 37 Synchronously with a timing 
Signal produced by the Scanning driving means 19. The 
timing Signals are a Sync signal LINE SYNC used to Scan an 
object in one direction and a sync signal FRAME SYNC 
Synchronous with a frame. The Signal data is Stored Syn 
chronously with these Sync signals. 
0093. The signal data stored in the frame memory 37 is 
read and transferred to a logarithmic/linear transformation 
circuit, that is, an inverse transformation circuit 38 whose 
transformation is the inverse of the transformation per 
formed by the logarithmic amplifier 34. Consequently, the 
Signal data is changed to Signal data of, for example, 10 bits 
long having a linear characteristic. The Signal data has the 
contrast value thereof transformed by a contrast converting 
means 39. Thereafter, the data is transmitted from the PC 36 
into a multi-image display means 40 comprising a monitor 
and an image recording means. Eventually, multiple images 
are displayed. 
0094) Moreover, an output signal of the analog signal 
processing circuit 31 is transferred to an image parameter 
sampling means 41. In this case, as shown in FIG. 3, the 
output Signal has the noise thereof canceled by a noise 
canceling means 42. The Signal having the noise thereof 
canceled is transferred to each of a maximum value detec 
tion circuit 43, a minimum value detection circuit 44, an 
average value detection circuit 45, and a differential circuit 
46 that Samples data representing an edge. The maximum 
value detection circuit 43, minimum value detection circuit 
44, average value detection circuit 45, and differential circuit 
46 Samples respective image parameters, that is, a maximum 
luminance value, a minimum luminance value, an average 
luminance value, and data representing an edge respectively. 
In this case, the Signal to be transferred has the components 
thereof, which represent frame images, integrated (Sum 
mated). A maximum value or the like is sampled (detected) 
from each Signal component representing one frame image. 
Incidentally, the noise canceling means is realized with a 
filter that cancels a noise. 

0.095 The output signals of the maximum value detection 
circuit 43, minimum value detection circuit 44, and average 
value detection circuit 45 are converted into a maximum 
value MAXp, a minimum value MIN(p, and an average value 
AVEcp respectively, which are digital quantities, by A/D 
converters 47, 48, and 49 respectively. Thereafter, the image 
parameters are transferred to a digital image preserving 
means 51. 

0.096 Moreover, among the maximum value MAXp, the 
minimum value MINcp, the average value AVEcp, and a 
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threshold value THRqp which are sampled by the image 
parameter Sampling means 41, a specific image parameter 
calculated as an image parameter needed to optimize an 
image to be displayed is transmitted to the contrast convert 
ing means 39 that optimizes an image, and thus used to 
COnVert a COntraSt. 

0097. To be more specific, the image parameters, for 
example, the maximum value MAXp and minimum value 
MIN(p are transferred to the contrast converting means 39 
Serving as an image optimizing means within the PC 36. The 
image parameters are used to change a contrast for the 
purpose of optimizing an image to be displayed as described 
later in conjunction with FIG. 7. Incidentally, a plurality of 
concrete examples of the contrast converting means 39 also 
utilizes the image parameter of the average value AVEp. 

0098. Moreover, the output signal of the differential 
circuit 46 that Samples data representing an edge is con 
verted into a signal THRqp, which is checked to see if the 
Signal level is equal to or larger than a threshold value, by 
a threshold value circuit 50. Thereafter, the signal is trans 
ferred to each of a digital image preserving means 51 and the 
multi-image display means 40. 

0099 Moreover, the optical scanning probe 11A is, as 
shown in FIG. 4, passed through an endoscope 52 for use. 

0100. As shown in FIG. 4, the optical scanning probe 
11A can be sheathed with a sheath 53 that is elongated and 
flexible, and can be inserted into a channel lying through an 
endoscope 52. The endoscope 52 has an elongated insertion 
unit 54, and an operating unit 55 formed at the rear end of 
the insertion unit 54. A treatment instrument insertion port 
56 that communicates with a channel lying through the 
insertion unit 54 is bored near the front end of the operating 
unit 55. The optical scanning probe 11A can be inserted 
through the treatment instrument insertion port 56. 
0101 Assuming that an operator wants to check under 
observation through the endoscope 52 if a tissue is a lesion, 
the distal end of the optical Scanning probe 11A is projected 
from the distal end of the channel, and approached to the 
Surface of the tissue concerned. Thus, an image is acquired 
using the optical Scanning probe 11A. 

0102) The aforesaid optical fiber 10 is passed through the 
sheath 53. As shown in FIG. 2, the optical scanning means 
17 moves the condenser lens 12 two-dimensionally in direc 
tions orthogonal to the optical axis of the condenser lens. 
This results in a two-dimensional image. Moreover, the 
depth-direction Scanning means 18 moves the objective unit 
16, whereby a two-dimensional image results from Scanning 
in the optical-axis direction, that is, the depth direction. The 
System having been described So far is a System that pro 
duces a microscopic image (high-magnification image) 
using the low-coherence optical Scanning probe 11A that 
employs low-coherent light. Alternatively, a System may 
employ a confocal optical Scanning probe that forms a 
microscopic image using confocal optical elements as dis 
closed in, for example, Japanese Unexamined Patent Appli 
cation Publication No. 2000-126115. 

0103) In the system employing the confocal optical scan 
ning probe, a laser light Source or the like is adopted on 
behalf of the low-coherent light source 2 shown in FIG. 1. 
Moreover, the end of the optical fiber 6 is clogged or the like 
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for fear return light may be generated. The end of the optical 
fiber 27 is coupled to the photo detector 28. 
0104 Moreover, the photo detector 28 and the compo 
nents in the Succeeding Stages are the same as those 
described previously. The description will therefore be omit 
ted. The Structure of the distal Section of a confocal optical 
Scanning probe 11B employed in the present embodiment 
will be described in conjunction with FIG. 5. 
0105. As shown in FIG. 5, the distal section 59 of the 
confocal optical Scanning probe 11B comprises: a hard 
optical frame 60 having one end thereof fixed to the distal 
end of a tube 58 and being shaped annularly; an optical unit 
61 locked in the optical frame 60; and a (transparent and 
hard) distal cover 62 that is coupled to the distal end of the 
optical frame 60 with a piezoelectric element 78, which will 
be described later, between them, that is pressed against an 
object, and that Serves as a transparent window member. 
0106 The distal end of an optical fiber 5b that is inserted 
into the tube 58 and coupled to the light source and to the 
photo detector 28 via the optical coupler 4 is fixed to the 
optical unit 61. Light emitted from the distal end of the 
optical fiber 5b is converged at and irradiated to an object 63, 
which is an object of examination, using an optical Scanning 
mechanism (Scanner). The return light is received. 
0107 FIG. 6 shows the structure of the optical unit 61 in 

detail. 

0108. The optical unit 61 comprises a substrate 64, a 
Spacer 65 placed on the top of the Substrate 64, and a top 
plate 66 placed on the top of the spacer 65. Two movable 
mirrors (or rotary mirrors) 67 and 68 whose directions are 
variable are mounted on the Substrate 64 so that laser light 
emitted from the light Source and propagated over the 
optical fiber 5b will Sweep an object. 

0109) The two movable mirrors 67 and 68 are supported 
on two hinges 67a and 68a respectively. The movable 
mirrors 67 and 68 are designed to be turnable with electro 
Static force induced by electrodes that are not shown. 
0110 Grounds (not shown) opposed to the electrodes are 
connected to the optical Scanning driving means 19 over a 
cable 69. The axes of rotation of the two movable mirrors 67 
and 68 are designed in a direction orthogonal each other. 
Furthermore, a mirror 71 is mounted on a Surface of the 
spacer 65 opposed to the end of the optical fiber 5b. A mirror 
72 and a diffraction grating lens 74 that converges laser light 
and focuses it at a focal point 73 on the object 63 are 
mounted on the top plate 66. 
0111. The diffraction grating lens 74 brings about diffrac 
tion and exhibits the capability equivalent to the capability 
of a lens characteristic of a very Short focal length. The focal 
point 73 is two-dimensionally Scanned in a depth direction 
of the object 69 and a direction orthogonal to the depth 
direction, whereby an image of the object 63 enlarged as if 
it were enlarged with a microScope can be produced. 

0112 Moreover, the distal part of the optical fiber 5b is, 
as shown in FIG. 5, locked between the Substrate 64 and 
spacer 65. 

0113 Adriving signal is applied to the (electrodes of the) 
movable mirrors 67 and 68, whereby the movable mirrors 67 
and 68 are driven to turn an appropriate angle with the 
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hinges 67a and 68a as the axes of rotation. Consequently, the 
focal point 73 can be two-dimensionally Scanned on a 
Scanning plane 75. 
0114 For example, when the movable mirror 67 is 
driven, light is swept in X directions 76 that are vertical 
directions with respect to the sheet of paper of FIG. 5. When 
the movable mirror 68 is driven, light is swept in Y direc 
tions 77 that are lateral directions in FIG. 5. That is to say, 
when the movable mirror 67 or 68 is moved, the focal point 
73 on the object 63 can be two-dimensionally scanned on the 
Scanning plane 75 perpendicular to the depth direction (Z 
direction). Thus, a confocal microscope is realized in order 
to acquire information of light reflected from the Scanning 
plane 75. 
0.115. In other words, the area of the distal end of the 
optical fiber 5b is very small. The movable mirrors 67 and 
68 and diffraction grating lens 74 are arranged to have a 
confocal relationship or a near confocal relationship and to 
share the focal point 73. Consequently, light emitted from 
the microscopically small distal end of the optical fiber 5b 
falls on the focal point 73 in the form of a microscopic light 
spot. Light reflected from the light spot (and its vicinity) 
falls on the distal end of the optical fiber 5b. 
0116. One end of the piezoelectric element 78, which is 
a Small-size plate-like or bar-like, is bonded to four portions 
of the optical frame 60 that circumferentially cross at right 
angles. The other end of the piezoelectric element 78 is 
bonded to the proximal edge of the distal cover 62. More 
over, the piezoelectric element 78 is connected to the optical 
scanning driving means 19 over the cable 69. 
0.117) When a driving signal is applied to the piezoelec 
tric element 75, the piezoelectric element 78 stretches or 
contracts as indicated with reference numeral 79 in FIG. 5 
in the Z direction that corresponds to the depth direction of 
the object 63. Thus, the focal point 73 is varied in the Z 
direction on a cutting plane 80. Incidentally, the distal cover 
62 is formed with a transparent cover made of, for example, 
polycarbonate. 

0118 AS mentioned above, the present embodiment can 
be adapted to either the System employing the optical 
Scanning probe 11A that utilizes low-coherent light or the 
System employing the optical Scanning probe 11B that 
utilizes the confocal optical elements. Next, the operation of 
the present embodiment will be described. 
0119) The optical scanning probe 11A or 11B shown in 
FIG. 1 or FIG. 5 is used to produce a high-magnification 
image through optical Scanning. In this case, a Signal result 
ing from photoelectric conversion performed by the photo 
detector 28 is transformed into a logarithmic function 
thereof by the logarithmic amplifier 34 included in the 
analog signal processing circuit 31. Thus, the dynamic range 
of the Signal is temporarily compressed. Thereafter, the 
output signal of the logarithmic amplifier is digitized by the 
A/D converter 35, and time-sequentially stored in the frame 
memory 37 included in the PC 36. 
0.120. The Signal data (image data) time-Sequentially 
stored in the frame memory 37 is transformed to exhibit a 
linear characteristic by means of the logarithmic/linear 
transformation circuit 38. Thus, the dynamic range for the 
Signal is stretched (expanded). This results in image data of, 
for example, 10 bits long. 
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0121 The image data is transferred to the contrast con 
Verting means 39 that optimizes an image to be displayed, 
converted into an image exhibiting an appropriate contrast, 
and displayed on the multi-image display means 40. 
0122 FIG. 7A and FIG. 7B are explanatory diagrams 
concerning the above process. FIG. 7A graphically shows 
time-Sequential luminance data that is transferred to the 
contrast converting means 39. The luminance data is con 
verted into the one shown in FIG. 7B by means of the 
contrast converting means 39 in order to provide an appro 
priate contrast. 
0123. In this case, the time-Sequential luminance data y 
of one frame image is converted by means of the contrast 
converting means 39 according to an expression (1) that 
employs a maximum value MAXp and a minimum value 
MIN(p sampled from one frame image in order to provide an 
appropriate contrast. This conversion results in luminance 
data y'. 

y'=(y-MINp)/(MAXp-MINp)x1024 (1) 

0.124 Consequently, even when the contrast of an image 
is low, that is, the difference between the maximum and 
minimum values of an image is Small, an image having an 
appropriate contrast is displayed owing to the contrast 
change. 

0.125 The luminance data graphically shown in FIG. 7A 
may be converted into the one shown in FIG. 7C by means 
of the contrast converting means 39 in order to provide an 
appropriate contrast. In the case of FIG. 7C, the average 
value AVEcp is substituted for the minimum value MINop 
included in the numerator of the expression (1). Namely, a 
contrast is converted according to an expression (2) below in 
order to provide luminance data y'. 

0.126 Consequently, when a contrast is too low or an 
image is too bright, an image can be displayed with an 
appropriate contrast through the contrast conversion. 
0127. As mentioned above, the present embodiment per 
forms contrast conversion. For example, even a too dark 
image is displayed at a luminance level (brightness level) 
that is easy for a user to See, and is therefore Seen as an 
easy-to-view image. Even a too bright image has the bright 
neSS level thereof converted into an easy-to-view level and 
is therefore Seen as an easy-to-view image. 
0128. The system may be designed so that a user can 
designate the characteristic of the System for contrast con 
version. Namely, a user uses a Selection Switch or the like to 
designate the characteristic of, for example, the contrast 
converting means 39 for contrast conversion according to an 
object of observation. Depending on the Selection, for 
example, the expression (1) or expression (2) may be 
designated. 

0129. In the above case where a contrast is changed as 
shown in FIG. 7C, for example, an abrupt change of the 
contrast of a frame image from the contrast of a preceding 
frame image may be Suppressed as described below. 

0130 That is to say, an average value AVE(t) of a frame 
image t may be adopted as the average value AVEp 
employed in the expression (2), and a range RANGE(t) in 
the frame image t may be substituted for the difference 
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between the maximum and minimum values, that is, 
MAX(p-MIN(p in the denominator of the expression (2). 
(Herein, t denotes each frame image. For example, an 
average value AVE(t) means an average value of luminance 
data contained in the data of a frame image t). 

AVE(t)=AVE(t–1)+MAXdiff if AVEdiffic MAXdiff or 
AVE(t)=AVE(t–1)+AVEdiff or -MAXdiff if 
AVEdiffs MAXdiff (3) 

0131 where 
AVEdiff=AVEsp-AVE(t–1) (4) 

RANGE(t)=RANGE(t–1)+MAXdiff2 if RANGEdiff 
MAXdiff2 or RANGE(t)=RANGE(t–1)+RANGEdiff 
or MAXdiff if RANGEdiffs-MAXdiff (5) 

0132) where 
RANGEcp=MAXp-MIN) (6) 
RANGEdiff=RANGEcp-RANGE(t–1) (7) 

0133) According to the expression (2), when frame 
images are Sequentially displayed in real time, the frame 
images are displayed with optimized appropriate contrasts. 
However, if a Scanning Speed is high or a shake is made, the 
contrast of a frame image changes significantly from that of 
a previous one. In this case, contrast conversion is (partly) 
disabled in order to disable optimization of the contrast of 
each frame image. Thus, the images may be displayed as a 
motion picture in which an abrupt change of the contrast of 
a frame image from the contrast of a preceding one is 
Suppressed. 

0134) In this case, when the above expressions (3) to (7) 
are employed, an abrupt change of the contrast of a frame 
image from the contrast of a preceding one can be Sup 
pressed, and images can be displayed with appropriate 
COntraStS. 

0135) Instead of modifying the expression (2) according 
to the expressions (3) to (7), parameters k1 to m3 may be 
used to define the average AVE(t) and range RANGE(t) as 
presented below. Thus, contrast conversion may be per 
formed in order to optimize a contrast. 

m3RANGE(t-3) (9) 

0.136. In this case, an average of luminance values of a 
past frame image or a contrast of the frame image is partly 
taken into account by reflecting it in the parameter, and 
contrast conversion is performed. Consequently, appropriate 
contrast images can be displayed with an abrupt change of 
the contrast of a frame image from the contrast of a 
preceding one Suppressed. 

0.137 Image data whose contrast data is converted is 
transmitted to each of the multi-image display means 40 and 
the digital image preserving means 51. As shown in FIG. 1 
and FIG. 9B, real-time images (motion picture) are dis 
played in a real-time image display area R1 on the multi 
image display means 40. AS described later, old images that 
meet a threshold value condition are displayed in other 
image display areas R2, R3, and R4. 
0.138 Moreover, in the digital image preserving means 
51, digital images that meet a predetermined threshold value 
condition determined by the threshold value circuit 50 
included in the image parameter Sampling means 41 are 
recorded together with image parameters. 
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0139 FIG. 8 shows a concrete example of (real-time) 
imageS produced time-Sequentially. Namely, frame image 1 
(i in FIG.8. The same applies to other frame numbers.) is 
an image produced when the contour or edge of a tissue of 
an object of observation cannot be detected. For example, an 
average value AVEqp that is one of image parameters is 0 and 
a threshold value THRqp is 0. 
0140 Frame image 2 is an image produced when the 
edge of the tissue of the object of observation can be 
recognized considerably well. For example, the average 
value AVEp that is one of image parameters is 50, and the 
threshold value THRq) is 1. The average of the image is equal 
to or larger than the threshold value determined by the 
threshold value circuit 50. 

0141 AS mentioned above, an image depicting an edge 
(contour) whose average is equal to or larger than the 
threshold value determined by the threshold value circuit 50 
is preserved in the digital image preserving means 51. 
Moreover, the result of judgment made by the threshold 
value circuit 50 is transferred to the multi-image display 
means 40. Old images each depicting an edge whose aver 
ages are equal to or larger than threshold values determined 
by the threshold value circuit are displayed in the image 
display areas R2 to R4. 
0142 FIG. 9B shows old frame images 1 to 3 displayed 
in the image display areas R2 to R4 on the multi-image 
display means 40. In this case, the multi-image display 
means 40 includes three frame memories as an image 
Storage means in which frame images to be displayed in the 
image display areas R2 to R4 are Stored. Frame images are, 
as shown in FIG. 9A, stored in the three frame memories 
orderly from the oldest one. 
0143. In the case of time-sequential images shown in 
FIG. 8, the oldest frame image 1, the second oldest frame 
image 2, and the third oldest frame image 3 are Stored in the 
three frame memories, and displayed in the fashion shown 
in FIG. 9B. When the threshold value circuit 50 detects an 
old image to be preserved next, the image is displayed in the 
image display area R4 as the newest frame image among the 
old frame images, that is, as an old frame image 3. In this 
case, the old frame image 4 shown in FIG. 9A is displayed 
as the oldest frame image in the image display area R2, and 
the frame image 2 is displayed as the Second oldest frame 
image in the image display area R3. 
014.4 FIG. 10 is a flowchart describing operations to be 
performed for displaying frame images in the image display 
areas R2 to R4 according to the present embodiment. 
0145 The image parameter sampling means 41 reads the 
image data of one frame image at Step S1. At Step S2, image 
parameters (a maximum value MAXp, a minimum value 
MINp, an average value AVEqp, and an edge enhancement 
value EDG(p) are sampled. 
0146 The image parameter Sampling means 41judges at 
step S3 whether the edge enhancement value EDGop exceeds 
the threshold value determined by the threshold value circuit 
50 shown in FIG. 3. If the edge enhancement value EDGop 
does not exceed the threshold value, control is returned to 
Step S1. The next image data is then acquired. That is to Say, 
in this case, acquired image data is not displayed. 
0147 On the other hand, if the edge enhancement value 
EDGqp exceeds the threshold value, the PC 36 selects an 
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image parameter, which is needed to optimize image display, 
from the above image parameters Sampled by the image 
parameter sampling means 41 at step S4. The PC 36 uses the 
image parameter to convert the values of pixels constituting 
an image. In particular, the contrast conversion expression 
(1) or (2) is adopted. 
0.148. At step S5, an image whose pixel values are 
converted in order to convert the contrast of the image is 
displayed on the monitor Screen of the multi-image display 
means 40. Thereafter, control is returned to step S1, and the 
next frame image is processed Similarly. 

0149 Frame images detected relative to threshold values 
of predetermined levels determined by the threshold value 
circuit 50 are Sequentially Stored in the digital image pre 
Serving means 51. Namely, images to be displayed in the 
image display areas R2 to R4 on the multi-image display 
means 40 are preserved. 

0150 FIG. 11 shows a file structure in which data is 
preserved in the digital image preserving means 51. FIG. 
11A shows a file Structure in which one frame image is 
preserved. FIG. 11B shows a file structure in which a 
plurality of frame images is recorded. 
0151. For example, when frame image 4 is preserved in 
the digital image preserving means 51, as shown in FIG. 
11A, the frame number, image data, and the image param 
eterS Such as a maximum value MAXp of the image data, a 
minimum value MIN(p thereof, an average value AVEq) 
thereof, and a threshold value THRqp are preserved. 
0152 Since the image parameters are preserved together 
with the image data, a raw image can be regenerated 
(reproduced). Moreover, a preserved image can be quanti 
tatively assessed. The use value of the image data is thus 
increased. 

0153. As mentioned above, according to the present 
embodiment, the parameter Sampling means 41 Samples the 
predetermined image parameterS Such as the maximum 
value MAXp, minimum value MINep, average value AVEqp, 
and threshold value THRqp from received image data. 
Among the Sampled image parameters, the image param 
eters needed for optimization, that is, the maximum value 
MAX(p and minimum value MIN(p are transferred to the 
contrast converting means 39 included in the PC 36. Con 
trast data contained in received image data is converted in 
order to optimize the contrast, whereby an optimal image is 
produced. The image is displayed in the real-time image 
display area R1 on the multi-image display means 40. Even 
when an observation image produced at a high magnification 
has an inappropriate contrast or an image contains a noise, 
the image can be displayed at an appropriate contrast. 

0154 Moreover, an image that depicts an edge (contour) 
of a tissue of an object of observation at an edge enhance 
ment level equal to or higher than a predetermined level is 
displayed in any of the other image areas R2 to R4 on the 
multi-image display means 40. Thus, an image that depicts 
an edge of a tissue or the like at an edge enhancement level 
equal to or higher than the predetermined level can be 
displayed. Namely, only an image depicting a contour of a 
tissue or the like of an object of observation at an edge 
enhancement level equal to or higher than the predetermined 
level can be displayed. In other words, an image not depict 
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ing a contour at an edge enhancement level equal to or 
higher than the predetermined level is not displayed. 
O155 Therefore, even if the optical scanning probe 11A 
or 11B is shook during use, only an image that depicts a 
tissue of an object of observation (depicts the contour of the 
tissue Some extent) is sampled and displayed. An image not 
depicting the contour is not displayed. 
0156 According to the present embodiment, the logarith 
mic amplifier 34 included in the analog signal processing 
circuit 31 provides a logarithmic function of an input Signal. 
Thereafter, the logarithmic/linear transformation circuit 38 
in the PC 36 inversely transforms the output signal of the 
logarithmic amplifier. Consequently, even an image repre 
Sented by a signal enjoying a large dynamic range can be 
displayed with the large dynamic range left intact. An image 
can therefore be displayed with a gray Scale or a tone close 
to a natural one, and preserved therewith. 
O157 Moreover, digital images to be displayed in the 
other image areas R2 to R4 on the multi-image display 
means 40 are preserved in the digital image preserving 
means 51. Only images depicting an edge of a tissue or the 
like at an edge enhancement level equal to or higher than a 
predetermined level are preserved efficiently. 
0158. In other words, images not depicting an edge of a 
tissue or the like of an object of observation at an edge 
enhancement level equal to or higher than the predetermined 
level are not preserved. Unnecessary images are therefore 
not preserved. Consequently, the labor of editing is lightened 
and the necessity of editing is obviated. 
0159 FIG. 12 is a flowchart describing operations to be 
performed for optimizing images and displaying the images 
in the image display areas R2 to R4 according to a variant. 
The operations are identical to those described in FIG. 10 
except that step S3 is changed to step S3'. 
0160. At step S1, image data representing one frame 
image is read. At Step S2, image parameters (a maximum 
value MAXp, a minimum value MINcp, an average value 
AVEp, and an edge enhancement level EDGop) are sampled 
from the image data. 
0.161 The image parameter Sampling means 41judges at 
step S3' whether the average value AVEqp exceeds a prede 
termined value. In this case, the average value detection 
circuit 45 included in the image parameter Sampling means 
41 has the capability to Sample the average value AVEp and 
judge whether the average value AVEqp exceeds the prede 
termined value. Alternatively, the PC 36 makes the judg 
ment. 

0162) If the average value AVEcp does not exceed the 
predetermined value, control is returned to Step S1 and the 
next image data is acquired. In this case, the acquired image 
data is not displayed. 
0163. On the other hand, if the average value AVEqp 
exceeds the predetermined value, the PC 36 Selects an image 
parameter needed to optimize image display among all the 
image parameters, and uses the image parameter to convert 
the values of pixels constituting an image. Specifically, the 
PC 36 converts the pixel values to optimize the contrast of 
the image according to the expression (1) or (2). 
0164. The PC 36 transmits the image, of which contrast 
is converted, to the multi-image display means 40 at Step S5. 

Oct. 28, 2004 

After the image is displayed on the monitor Screen of the 
multi-image display means 40, control is returned to Step S1. 
The next image data is processed in the same manner. The 
present variant provides Substantially the same advantage as 
the first embodiment. 

0.165. In this case, the dynamic range is compressed using 
a logarithmic amplifier. Alternatively, gamma conversion 
may be performed in order to compress the dynamic range. 
0166 Moreover, in the digital image preserving means 
51, a digital image whose contrast is converted is preserved 
together with image parameters thereof. Alternatively, an 
image whose contrast has not yet been converted may be 
preserved together with the image parameters. 

0167 Moreover, the differential circuit 46 shown in FIG. 
3 may be replaced with a high-pass filter that Samples a 
high-frequency component of an image Signal. For example, 
a received signal may be passed through the high-pass filter, 
and the output signal components of the high-pass filter may 
be integrated during one frame. The resultant Signal may be 
transferred to the threshold value circuit 50, and has the 
Signal components thereof compared with a predetermined 
threshold value level determined by the threshold value 
circuit 50. The threshold value THRqp based on the result of 
the comparison may be transmitted. 
0168 When the threshold value determined by the 
threshold value circuit 50 is increased, an image depicting a 
larger contour or an in-focus image can be detected. 
0169 Moreover, the cutoff characteristic of the high-pass 

filter may be Selected from Some cutoff characteristics. 
0170 In order to, for example, preserve a nearly in-focus 
image, a high-pass filer whose cutoff frequency is set to a 
high frequency is Selected. The Signal components passing 
through the high-pass filter are integrated, and the threshold 
value circuit 50 compares the resultant Sum of the Signal 
levels with a predetermined level. Thus, an image repre 
Sented by an image Signal whose integral level is equal to or 
larger than the predetermined level may be preserved. 
0171 Moreover, when an image is preserved, the result 
of comparison (judgment) made by the threshold value 
circuit 50 may also be preserved. 
0172 (Second Embodiment) 
0173 Next, a second embodiment of the present inven 
tion will be described below. According to the first embodi 
ment, the contrast converting means 39 Serving as an image 
optimizing means is realized mainly with Software that is 
run in the PC 36. The present embodiment uses hardware to 
COnVert a COntraSt. 

0.174 FIG. 13 shows the configuration of a contrast 
converting means 81 and its peripherals employed in the 
Second embodiment. The second embodiment does not have 
the contrast converting means 39 incorporated in the PC 36 
shown in FIG. 3. Moreover, the analog signal processing 
circuit 31 shown in FIG. 3 is replaced with an analog signal 
processing circuit 31' comprising an amplifier 32 and a filter 
33. 

0.175. According to the present embodiment, an output 
signal of the filter 33 is transferred to an amplifier 82 
included in the contrast converting means 81. Again to be 
produced by the amplifier 82 and an offset needed thereby 
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are controlled with an output Signal Sent from the parametric 
conversion circuit 83. A contrast represented by a signal Sent 
from the amplifier 82 is converted so that an image exhib 
iting an appropriate contrast can be produced. 
0176 An output signal of the amplifier 82 is transferred 
to the A/D converter 35. 

0177. The image parameter sampling means 41 shown in 
FIG.3 transferS image parameters, for example, a maximum 
value MAXp and a minimum value MINcp to the parametric 
conversion circuit 83. The parametric conversion circuit 83 
performs parametric conversion So as to produce a signal, 
which is used to control the gain to be produced by the 
amplifier 82 and the offset needed thereby, according to the 
image parameters, and thus controls the amplifier 82. 
0178. Owing to the control, according to the present 
embodiment, contrast conversion based on the aforesaid 
expression (1) is performed in real time. The resultant signal 
is transmitted to the A/D converter 35. The stage succeeding 
the A/D converter 35 is identical to the one included in the 
circuitry which is shown in FIG. 3 and from which the 
contrast converting means 39 is excluded. 
0179 The present embodiment provides nearly the same 
operation and advantage as those of the first embodiment. 
0180 (Third Embodiment) 
0181 Next, a third embodiment of the present invention 
will be described below. According to the present embodi 
ment, when an input image whose property is expressed with 
a histogram shown in FIG. 14A, the property of the image 
is converted to the one expressed with a histogram shown in 
FIG. 14B using software that is run in the PC 36 shown in 
FIG. 3 (CPU that is incorporated in the PC 36 and not 
shown). The resultant image is then displayed on the moni 
tor 4. 

0182 Operations to be performed in this case will be 
described with reference to FIG. 15 below. 

0183 At step S11, the PC 36 reads image data represent 
ing one frame image. At Step S12, the (CPU incorporated in 
the) PC 36 produces an image parameter whose values are 
plotted as a histogram, that is, data plotted in FIG. 14A. 
0184 The (CPU incorporated in the) PC 36 produces a 
conversion table listing pixel values So as to even out the 
histogram at Step S13. 
0185. The (CPU incorporated in the) PC 36 converts the 
values of pixels constituting an image on the basis of the 
conversion table at Step S14, and thus converts the image 
into an image expressed with the histogram shown in FIG. 
14B. The PC 36 then transmits the image resulting from the 
conversion to the multi-image display means 40 at step S15. 
The resultant image is displayed on the monitor Screen of the 
multi-image display means 40. Control is then returned to 
Step S11, and the next image data is processed in the same 

C. 

0186 The present embodiment provides nearly the same 
operation and advantage as those of the first embodiment. 
0187. According to a first variant of the present embodi 
ment, a process described in FIG. 16 may be executed. 
0188 The process described in FIG.16 is identical to the 
one described in FIG. 15 except that step S16 and step S17 
are performed on behalf of step S12. 
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0189 At step S11, the PC 36 reads image data represent 
ing one frame image. At Step S16, the (CPU incorporated in 
the) PC 36 uses a differential operator to detect an edge 
depicted by an image. 

0190. At step S17, the (CPU incorporated in the) PC 36 
produces a histogram using the values of pixels representing 
the edge. Thereafter, steps S13, S14, and S15 are carried out. 
0191). According to the present variant, a portion of an 
image depicting an edge of an object can be optimized and 
displayed. 

0.192 A process described in FIG. 17 and employed in a 
second variant may be executed. At step S11, the PC 36 
reads image data (representing frame image 1). At Step S18, 
the (CPU incorporated in the) PC 36 uses a Gaussian 
operator, which designates a Gaussian function, to produce 
an image (image 2) by shading in image 1 that is a raw 
image. 

0193 At the next step S19, the (CPU incorporated in the) 
PC 36 produces an image containing the image 1 and the 
image 2 enlarged to be C. times larger. Herein, the parameter 
C. ranges from -1 to 0. At Step S15, the produced image is 
displayed on the monitor Screen of the multi-image display 
means 40. 

0194 The present invention is not limited to a mode in 
which the process described in FIG. 10 or FIG. 12 is 
implemented in an algorithm to be followed by the CPU 
incorporated in the PC36. Alternatively, the process may be 
implemented in Software to be run in a digital Signal 
processor or implemented in hardware. 
0195 The first to third embodiments have been described 
on the assumption that the condenser lens (objective lens) 12 
shown in FIG. 2 or the diffraction grating lens 74 shown in 
FIG. 5 is not moved along the optical-axis direction corre 
sponding to the depth direction of an object of observation 
(Z direction). A fourth embodiment to be described below 
will prove effective in a case where the condenser lens 12 is 
moved in the direction corresponding to the depth direction. 
0196) (Fourth Embodiment) 
0.197 Next, a fourth embodiment of the present invention 
will be described below. The present embodiment will be 
described by taking the System including the condenser lens 
12 for instance. 

0198 According to the present embodiment, as shown in 
FIG. 18, the condenser lens 12 is moved in the same 
direction as the depth direction of a living body 85 that is an 
object of observation in order to Scan the living body. 
Images of two-dimensional Scanned ranges (image-acquired 
ranges) are acquired at a plurality of positions that are 
Scanned. 

0199 Assuming that a depth coordinate representing the 
depth of a Scanning Start point at which Scanning in the depth 
direction is started is 0, time-Sequential images shown in 
FIG. 19 are acquired. 
0200 For example, the average value AVEp of frame 
image 1, that is, an image acquired at a depth represented by 
a depth coordinate Z of 0, and the threshold value THRqp 
therefor are OS. The average value AVEp of frame image 2, 
that is, an image acquired at a depth represented by a depth 
coordinate Z of 20 (um), and the threshold value THR(p 
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therefor are OS. The average value AVEcp of frame image 3, 
that is, an image acquired at a depth represented by a depth 
coordinate Z of 40 (um), and the threshold value THR(p 
therefor are 50 and 1 respectively. 
0201 When two-dimensional images are acquired by 
Scanning a living body in the depth direction, for example, 
frame images 1 and 2 do not depict the contour of a tissue 
of an object of observation at all. However, when Scanning 
in the depth direction proceeds, frame images 4 and 5 clearly 
depicting the contour of the tissue of the object of observa 
tion, that is, in-focus or nearly in-focus frame images can be 
acquired. 

0202 As mentioned above, the present embodiment pro 
vides the same advantage as, for example, the first embodi 
ment. In addition, the present embodiment Scans an object in 
the depth direction and detects information in the depth 
direction. 

0203 When image data is preserved in the digital image 
preserving means 51, the value of the depth coordinate Z is 
preserved as depth data together with the image data and 
image parameters. 

0204. In other words, according to the present embodi 
ment, data representing one frame image is preserved in a 
file structure shown in FIG. 20. The data representing one 
frame image is identical to the one shown in FIG. 11A 
except that the depth data is appended. 
0205 Incidentally, image optimization or the like can be 
achieved by adopting the means or method described in 
relation to the first to third embodiments. 

0206. According to the present embodiment, an object is 
Scanned in the depth direction. If a Scanned range contains 
a point whose distance from an object of observation permits 
the object of observation to come into focus, an image 
depicting the object that is in focus or nearly in focus, that 
is, an image depicting the contour of the object (at an edge 
enhancement level higher than a predefined level) can be 
acquired nearly reliably. 

0207 Incidentally, two-dimensional images acquired at 
different depths may be Synthesized in order to construct a 
three-dimensional image. Moreover, an object may be 
scanned in the depth direction and in one of X and Y 
directions orthogonal to the depth direction in order to 
display or preserve a two-dimensional tomographic image. 

0208 (Fifth Embodiment) 
0209 Next, a fifth embodiment of the present invention 
will be described below. The present embodiment will be 
described on the assumption that an optical Scanning System 
includes the objective unit 16 having the condenser lens 12. 

0210. As shown in FIG. 21, when the objective unit 16 
is shook in, for example, a direction orthogonal to the depth 
direction, or more particularly, when the objective lens unit 
16 is shook as if to draw letter Z in FIG. 21, a relatively 
Scanned range is defined along the trajectory of the Shake. 

0211. In this case, an object of observation is scanned 
along bold letter Z in FIG. 21. Two-dimensional images 
acquired in this case are, as shown in FIG. 22, for example, 
four frame images 1 to 4. The images partly depict the same 
region but depict different Scanned ranges. 
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0212 For example, the PC 36 employed in the present 
embodiment Samples a characteristic quantity from each of 
the images. Based on the characteristic quantities (refer 
ences), the plurality of images is synthesized (pasted) 
together So that they will be concatenated. Consequently, a 
synthetic image like the one shown in FIG. 23 is produced. 
The Synthetic image is then displayed or preserved. 
0213. According to the present embodiment, even if a 
Shake occurs, an image of a desired region near an object of 
observation can be acquired. 
0214) (Sixth Embodiment) 
0215) Next, a sixth embodiment of the present invention 
will be described. FIG. 24 shows an optical scanning means 
included in the sixth embodiment. 

0216. According to the present embodiment, a stationary 
mirror 87 is obliquely opposed to the optical fiber 5b lying 
through an optical Scanning probe. Light reflected from the 
stationary mirror 87 is tilted as indicated with a solid line 
and an alternate long and two short dashes line (in reality, the 
light is also tilted in a direction vertical to the sheet of 
paper). The light is thus reflected from a scanning mirror 88 
that two-dimensionally Sweeps light according to the raster 
Scan method. Thereafter, the light is converged on an objec 
tive lens 89 and irradiated to an object of observation. 
0217. In this case, the trajectory along which light is 
Swept to Scan the object of observation is curved as shown 
in FIG. 25A. Therefore, upon displaying, the raster of 
Scanning lines is corrected into the raster of Scanning lines 
traced when light is swept linearly as shown in FIG. 25B. 
0218. In this case, the margin of the raster, especially, the 
four corners of the raster are dissociated from the actual 
raster. Consequently, an image displayed as the raster is 
likely to distort. According to the present embodiment, 
therefore, the four corners shown in FIG. 25B are cut, not 
display, or masked. As shown in FIG. 25C, an image is 
displayed in an octagonal display area realized with the cut 
raSter. 

0219. As mentioned above, when the portions of the 
raster thought to cause a terrible distortion are masked, an 
image affected with a little distortion can be displayed 
readily. Incidentally, only the center part of the raster may 
be, as shown in FIG.25D, used as the image display area in 
which an image is displayed. In this case, an image hardly 
affected by a distortion can be displayed. 

0220 (Seventh Embodiment) 
0221) Next, a seventh embodiment of the present inven 
tion will be described below. FIG. 26 shows the structure of 
the distal Section of an optical probe employed in the Seventh 
embodiment. The present embodiment is an optical probe 
System that does not include the aforesaid two-dimensional 
Scanning means but includes a high-magnification observing 
means (image pick-up means) that has a means for Scanning 
an object in the depth direction alone (a means that moves 
in the depth direction alone). 
0222. According to the present embodiment, an object to 
be observed is dyed with a pigment generally adopted for 
endoscopic observation, Such as, methylene blue, and then 
irrigated. The tip of an optical probe 90 passed through a 
forceps channel lying through an endoscope is brought into 
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contact with the object for observation. In this case, a tissue 
or a glandular Structure can be observed at a magnification 
ranging from 500 to 1000. 
0223) The distal section 91 of the optical probe 90 shown 
in FIG. 26 comprises an outer cylinder 92 and a cover glass 
93 that shields the distal opening of the outer cylinder 92. An 
objective lens 94 locked in a lens frame, a CCD 95 located 
at the position of the image plane of the objective lens 94, 
and an inner cylinder 97 in which a light guide 96 placed on 
the periphery of the lens frame is Stored are put in the outer 
cylinder 92 so that they can freely slide. 
0224. An actuator 98 is placed on the internal surface of 
the outer cylinder 92 near the rear end of the distal section 
91. The actuator 98 is shaped like, for example, a ring, has 
the rear end thereof fixed to the outer cylinder 92, has the 
front end thereof fixed to the inner cylinder 97, and is formed 
with a piezoelectric element or the like. When a driving 
signal is applied to the actuator 98, the actuator 98 stretches 
or contracts as indicated with arrows, and thus moves the 
inner cylinder 97 in the directions of the optical axis of the 
objective lens 94. 
0225 Incidentally, the rear end of the light guide 96 is 
coupled to a light Source unit that is not shown. Illumination 
light emanating from the light Source unit is propagated 
along the light guide and emitted from the distal end of the 
light guide. Thus, an object of observation opposed to the 
cover glass 93 is illuminated. 
0226) Moreover, the CCD 95 is connected to a video 
processor (or a camera control unit), in which a drive circuit 
and a Video Signal processing circuit that are not shown are 
incorporated, over a signal cable 99. The CCD95 images the 
illuminated object of observation via the objective lens 94. 
0227. In this case, the objective lens 94 has a large 
numerical aperture and forms an image at a high magnifi 
cation. Therefore, an in-focus image is formed only near the 
focal point 94a of the objective lens 94. 
0228. According to the present embodiment, a driving 
signal is applied to the actuator 98 so that the actuator 98 will 
stretch or contract. Thus, the objective lens 94 and CCD 95 
are moved together with the inner cylinder 97 in the optical 
axis directions. The distances of the objective lens 94 and 
CCD 95 from the cover glass 93 are thus changed. Conse 
quently, Similarly to the first embodiment or the like in 
which the optical Scanning probe 11A having an optical 
Scanning means that two-dimensionally Scans an object in 
the depth direction, the present embodiment provides a 
high-magnification observation image. 
0229 (Eighth Embodiment) 
0230. Next, referring to FIG. 27 to FIG. 39, an eighth 
embodiment of the present invention will be described 
below. 

0231. An optical probe system 101 in accordance with 
the eighth embodiment shown in FIG. 27 comprises: an 
optical Scanning probe 102 of, for example, a confocal type; 
an observation unit 103 to which the optical scanning probe 
102 is freely detachably attached; and a monitor 104 which 
is connected to the observation unit 103 and on which an 
image resulting from optical Scanning is displayed. 
0232 The optical scanning probe 102 can be passed 
through a channel lying through an endoscope that is not 
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shown. A connector 105 fixed to the rear end of the optical 
Scanning probe 102 is joined to a connector receptacle 106 
of the observation unit 103 so that it can be freely detachably 
attached. With the joint, luminous flux emanating from a 
light source unit 107 that is incorporated in the observation 
unit 103 and that is formed with, for example, a semicon 
ductor laser and others is incident on the optical Scanning 
probe 102. 

0233. The luminous flux (light beam) emanating from the 
light source unit 107 travels over an optical fiber 108 and 
falls on an optical fiber 109, which lies through the optical 
scanning probe 102, via the connector 105. The light is 
introduced to the distal Section of the optical Scanning probe 
102 over the optical fiber 109. 

0234. An optical element 110 that includes an objective 
lens and a Scanning mirror or the like for converging and 
irradiating luminous flux is included in the distal Section. 
Luminous flux emitted from the distal end of the optical fiber 
109 is converged on or irradiated to an object 113 via the 
optical Scanning mirror and objective lens that are moved in 
an X or Y direction by an Xscanner 111 or a Y scanner 112 
Serving as a Scanning means. 

0235) Luminous flux irradiated from the optical element 
110 to the object 113 that is an intracorporeal living tissue is 
two-dimensionally swept in the X and Y directions by means 
of the Xscanner 111 and Y Scanner 112. As described later, 
reflected (return) light is detected in order to acquire two 
dimensional image information. 

0236 Luminous flux irradiated to the object 113 is partly 
reflected and routed to the optical element 10. The luminous 
flux also falls on the distal end of the optical fiber 109. In this 
case, the distal end of the optical fiber 109 has a small area 
like a spot. Only light reflected from the focal point on the 
object 113 falls on the distal end of the optical fiber 109 that 
has a confocal relationship to the optical element 110. 

0237 Light incident on the optical fiber 109 is branched 
by an optical coupler connected on the optical fiber 108, and 
received by a photo detector 114. Consequently, the light is 
photoelectrically converted into an electric Signal. The elec 
tric signal is transferred to an A/D converter 115, and 
analog-to-digital converted into digital data. A photomulti 
plier tube may be substituted for the photo detector 114 
Serving as a photoelectric conversion means. 

0238. The analog-to-digital converted signal is trans 
ferred to a memory 116 in which digital data is stored 
(recorded). Image data representing at least a plurality of 
frames can be Stored in the memory 116. A cine memory that 
enjoys a large Storage capacity and in which a motion picture 
can be recorded may be adopted as the memory 116. 

0239) Image data transmitted through the output terminal 
of the memory 116 is transferred to an imaging device 117. 
After an image Signal based on which an image can be 
displayed is produced, the image Signal is transmitted to the 
monitor 104 Serving as an image display means. An image 
resulting from optical Scanning or an image produced from 
light having returned after the optical element 110 included 
in the optical Scanning probe 102 is two-dimensionally 
moved, or more particularly, an observation image depicting 
the cells of a living tissue is displayed on the display Surface 
of the monitor 104. 
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0240 Moreover, the imaging device 117 has a recording 
medium (or a storage device) 118 Such as a hard disk 
incorporated therein. An image resulting from optical Scan 
ning and being displayed on the monitor 104 can be recorded 
(preserved) in the imaging device 117. 
0241 Moreover, the observation unit 103 includes a 
Signal generator 121 that determines the timing of producing 
an image. A clock to be used as a reference by the Signal 
generator 121, and a Sync signal to be used as a reference in 
producing one frame image, that is, a Sync signal X-sync or 
Y-sync based on which an object is scanned in the X or Y 
direction are transferred to the A/D converter 1115. Syn 
chronously with the clock and Sync signal, the A/D converter 
115 performs analog-to-digital conversion. 

0242 Moreover, the signal generator 121 transmits driv 
ing Signals X-Drive and Y-Drive, which are Synchronous 
with the respective Sync signals, to amplifiers 122 and 123. 
The X Scanner 111 and Y Scanner 112 are driven with the 
driving signals amplified by the amplifiers 122 and 123 
respectively. 

0243 Moreover, in addition to the X scanner 111 and Y 
Scanner 112, a means for Scanning an object in a direction 
orthogonal to Scanning planes to be Scanned by the X and Y 
Scanners, or normally, in the depth direction may be 
included, though the means is not shown in FIG. 27. 
0244 Moreover, a control device 124 having a CPU, 
which controls all the components, incorporated therein is 
included in the observation unit 103. The control device 124 
controls the light source unit 107, photo detector 114, A/D 
converter 115, memory 116, and imaging device 117. 

0245 Moreover, as described in conjunction with FIG. 
38, the control device 124 can fetch a signal analog-to 
digital converted by the A/D converter 115. Furthermore, the 
control device judges through comparison whether a user 
designated display or preservation parameter meets a 
Selected condition. 

0246 Moreover, a keyboard 125 whose keys are pressed 
with a hand and a mouse 126 capable of being clicked and 
dragged are connected to the control device 124 as a 
display/preservation Selecting means used to Select or des 
ignate a display or preservation parameter. Incidentally, 
aside from the mouse 126, an input device having the Similar 
capability, Such as, a trackball may be adopted. 

0247 Aside from the optical scanning probe 102 utilizing 
confocal optical elements, an optical Scanning probe that 
utilizes low-coherent light emanating from a low-coherent 
light Source So as to produce an optical observation image 
will do. 

0248 Moreover, according to the present embodiment, 
an endoscopic image Signal Sent from a Video processor or 
a camera control unit, which is included in an endoscope 
System that is not shown and produces an endoscopic image, 
is transferred to the imaging device 1117. The imaging 
device 117 transmits the endoscopic image and an image 
resulting from optical Scanning to the monitor 104 via a 
mixer or the like. Both the images are displayed on the 
monitor 104. 

0249 Moreover, the CPU that is included in the control 
device 124 and is not shown extends control according to 
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programs stored in a ROM or the like that is not shown and 
that is incorporated in the control device 124. 

0250 In this case, control is extended as described with 
reference to FIG. 28 or the like so that an image resulting 
from optical Scanning (specifically, an observation image 
depicting the cells of a living tissue) will be displayed on the 
monitor 104, a display/preservation mode permitting pres 
ervation in the recording medium 118 will be selected or 
designated, a reference for Selection will be designated, and 
the image resulting from optical Scanning will be displayed 
or preserved under a Selected or designated condition. 

0251 Specifically, the present embodiment includes a 
display/preservation Selecting means that permits Selection 
of a display/preservation parameter with which a condition 
for display on the monitor 104 or preservation in the 
recording medium 118 is determined. A user handles the 
keyboard 125 or mouse 126 for selection or designation. The 
control device 124 controls the imaging device 117 that 
processes a signal So as to produce an image and the light 
Source unit 107 So that an image will be displayed or 
preserved under a user-designated condition. 

0252) As mentioned above, the control device 124 
extends control So that an image will be displayed or 
preserved under a condition a user has selected or designated 
in advance. Consequently, only an observation image depict 
ing cells and meeting a user-designated condition for pres 
ervation is preserved, but an observation image depicting 
cells, not meeting the condition, and being unnecessary is 
not preserved. 

0253 Consequently, editing work needed to preserve 
only an observation image that depicts cells and that is 
thought to be required later becomes unnecessary or can be 
Simplified. Since unnecessary observation images depicting 
cells are not recorded (unlike the related art), a storage 
capacity will not be limited (in other words, a filing capacity 
can be lessened). Required images depicting cells can be 
stored efficiently. This leads to improved maneuverability. 

0254 Moreover, as described later, display/preservation 
parameters with which display or preservation is designated 
may be presented on the monitor 104 on which an obser 
Vation image depicting cells is displayed. A user can deter 
mine the parameters with the observation image depicting 
cells left viewable. Moreover, the determined settings can be 
checked easily. This contributes to improvement of user 
friendliness (maneuverability). 
0255 Next, referring to FIG. 28, a display/preservation 
mode that can be Selected according to the present embodi 
ment will be detailed below. 

0256 As shown in FIG. 28, a cell observation image 
display area R1 in which an observation image depicting 
cells, that is, an image resulting from optical Scanning 
performed by the optical Scanning probe 102 is displayed is 
defined in the right upper part of the display Surface of the 
monitor 104. A patient information display area R2 in which 
patient information is displayed is defined in the left upper 
part of the display surface of the monitor 104. A normal 
endoscopic image display area R3 in which a normal endo 
Scopic image is displayed is defined in the left lower part of 
the display surface of the monitor 104. A display/preserva 
tion parameter designation window R4 in which display/ 
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preservation parameters are designated is defined in the right 
lower part of the display surface of the monitor 104. 
0257. In the cell observation image display area R1, in 
addition to an observation image depicting cells and being 
produced by the optical Scanning probe 102, a Scale S 
indicating the size of a cell and a cursor K freely movable 
using the mouse 126 can be displayed at any positions. 
Using the keyboard 125, a text T can be displayed at any 
position while being Superimposed on the observation 
image. 
0258 Moreover, in the display/preservation designation 
window R4, various conditions for display or preservation 
Such as a display/preservation mode, a reference for Selec 
tion, Simultaneously preserved data, timing, and whether 
blur correction is effected are presented and can be deter 
mined. When the parameters are Selected or designated, the 
information of the designated parameters is Stored in a 
memory that is not shown and is incorporated in the control 
device 124. The control device 124 extends control So that 
display and/or preservation will be executed based on the 
Selected or designated parameters (which will be described 
in conjunction with the flowchart of FIG. 30). 
0259 Four display/preservation modes are presented as 
display/preservation modes. Specifically, a specific-image 
display/preservation mode, a specific-image display/all-im 
ages preservation mode, an all-images display/specific-im 
age preservation mode, and an all-images display/preserva 
tion mode are Supported. 
0260 The specific-image display/preservation mode is a 
mode in which a specific image is displayed and preserved. 
0261) The Specific-image display/all-images preservation 
mode is a mode in which a specific image is displayed and 
all images are preserved. 
0262 The all-images display/specific-image preservation 
mode is a mode in which all images are displayed and a 
Specific image is preserved. 
0263. The all-images display/preservation mode is a 
mode in which all images are displayed and preserved. 
0264. A user selects a desired one of the four modes using 
the input device such as the keyboard 125 or mouse 126. 
Thus, a display/preservation mode can be Selected. A white 
circle o or a black circle drawn at the heads of the mode 
names of the four modes including the Specific-image dis 
play/preservation mode signifies that the designation of the 
mode is invalidated (off) or validated (on). The same applies 
to the designations of other conditions including the refer 
ence for Selection. 

0265 Incidentally, the all-images display/preservation 
mode is designated as an initial Setting. The present inven 
tion is not limited to this designation. Any of the other three 
modes may be designated as the initial Setting (which will be 
described in conjunction with the flowchart of FIG. 31). 
0266 Moreover, when the mode for displaying or pre 
Serving a Specific image is Selected as a display/preservation 
mode, the Specific image can be specified based on a 
reference for Selection. The reference for Selection is 
Selected from among five items or parameterS Such as a 
luminance Value, a size, an area, a frame image, and a time. 
Incidentally, the Size is a reference for Selection additionally 
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Selected when the luminance value is Selected as the refer 
ence for Selection (it can therefore be said that major 
references for Selection are the other four references of 
Selection). 
0267 Moreover, a horizontal bar H1 is displayed below 
the heading of Reference for Selection. The horizontal bar 
H1 makes it easy to determine the value of a parameter 
Selected as a reference for Selection. 

0268 When the luminance value is selected as a refer 
ence for Selection, it means that an image whose luminance 
value is equal to or higher than a certain luminance value 
(luminance level) of an image should be selected as a 
Specific image. 
0269 Specifically, for example, a luminance value is 
expressed with, for example, 8 bits and ranges from 0 to 255. 
The luminance value of 255 is the maximum value. Initially, 
the luminance value is designated and Set to 255. The present 
invention is not limited to this Setting. Alternatively, any 
luminance value may be adopted. Moreover, other item or 
parameter may be designated as an initial reference for 
Selection. 

0270. When the reference for selection is set to the 
luminance value, the horizontal bar H1 below the heading of 
Reference for Selection shown in FIG. 28 is clicked using 
the keyboard 125 or mouse 126. According to the number of 
clicks, the luminance value can be easily Set to any value 
ranging from 0 to 255 (8 bits). 
0271 In the example of FIG. 28, signifies that the 
luminance value is Selected as a reference for Selection and 
set to 150 using the horizontal bar H1. In this case, when a 
Specific image is Selected or designated, if the luminance 
value of the Specific image is equal to or larger than 150, the 
Specific image is displayed or preserved. 

0272 Moreover, when “size' is selected as a reference 
for Selection, it means that if an image displayed in the cell 
View display area R1 or an image preserved depicts a cell 
having the size, the image is displayed or preserved. 
0273 Moreover, when “area' is selected as a reference 
for Selection, it means that an image in a display area or a 
preservation area is displayed or preserved. 

0274. In this case, a cross cursor K1 like the one shown 
in FIG.29 appears. The keyboard 125 or mouse 126 is used 
to click and drag the cursor. A defined area Rc (Serving as a 
reference for Selection) that is a hatched area in the drawing 
is designated as a display area or a preservation area. 
0275 Specifically, as described in the flowchart of FIG. 
33, at the first step S56, the cross cursor K1 is clicked at any 
position in an image in order to determine a start point 
(indicated with (1)). At the next step S57, the cross cursor 
K1 is dragged to any position (indicated with (2)) and finally 
moved to an end point. 
0276. At the next step S58, the cross cursor K1 is clicked 
at any position in the image in order to determine the end 
point (indicated with (3)). Thus, an area Rc Serving as a 
reference for Selection is defined. 

0277. When the frame image (data representing one 
frame image) is selected as a reference for Selection, the 
horizontal bar H1 below the heading of Reference for 
Selection in FIG. 28 is clicked using the keyboard 125 or 
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mouse 126 in order to designate a certain number of frame 
images to be displayed or preserved during a period from the 
start of display or preservation to the end thereof (in FIG. 
28, any value ranging from 0 to 160). 
0278 When the time is selected as a reference for selec 
tion, the horizontal bar H1 below the heading of Reference 
for Selection in FIG. 28 is clicked using the keyboard 125 
or mouse 126 in order to designate the time required from 
the start of display and/or preservation to the end thereof (in 
FIG. 28, any value ranging from 0 to 8000 msec). 
0279 Moreover, the simultaneously preserved data that 
is data to be simultaneously preserved with an observation 
image depicting cells can be Selected from among a normal 
endoscopic image, a Scale S, a text T, and a cursor K. For the 
aforesaid references for Selection, one item or parameter can 
be selected. However, for this parameter or item, a plurality 
of items or parameters can be selected. In FIG. 28, the 
normal endoscopic image and Scale S are Selected as Simul 
taneously preserved data. 

0280 Moreover, the timing signifies the condition that 
display and/or preservation of a specific image should be 
Started at what timing. The timing may be selected from 
among items or parameterS Such as Start of Scanning, execu 
tion of freeze (freezing an image), before or after execution 
of freeze (before or after an image is frozen), Start of laser 
light emission, and Start of blur correction. 
0281. When the start of scanning is selected, a specific 
image is displayed at the timing of Starting Scanning, that is, 
optical Scanning. When the execution of freeze is Selected, 
a Specific image is displayed at the timing of Starting 
freezing (displaying a still image). When before or after 
execution of freeze is Selected, the number of frame images 
preceding or Succeeding a frame image that is frozen is 
designated as the timing of displaying an image. 

0282. In this case, a horizontal bar H2 is, like the hori 
Zontal bar H1 below the heading of Reference for Selection, 
displayed below the heading of Before or After Execution of 
Freeze. Similarly to the horizontal bar H1, the horizontal bar 
H2 is clicked in order to designate the number of frame 
imageS preceding or Succeeding a frame image that is 
frozen. Consequently, a specific image is displayed at the 
timing. 

0283 When a user selects the start of laser light emission, 
a Specific image is displayed at the timing that the laser Starts 
oscillation (emitting light). When the start of blur correction 
is Selected, a specific image is displayed at the Start of blur 
correction. 

0284 Thus, the condition that display and/or preservation 
of an image should be started or Stopped at what timing is 
designated. 

0285) Moreover, in the rightmost item of Blur Correction, 
whether blur correction should be performed is designated. 
When it is designated that blur correction should be per 
formed, ON is highlighted. When it is designated that blur 
correction should not be performed, OFF is highlighted. 
0286 Next, the operation of the present embodiment will 
be described with reference to FIG. 30 and others. 

0287 FIG. 30 describes a process ranging from desig 
nation of a display/preservation method to execution of 
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display/preservation. When the power Supply of the optical 
probe system 101 is turned on, the optical probe system 
Starts up. At Step S31, a display/preservation mode is des 
ignated. 
0288 The display/preservation mode designation is 
detailed in FIG. 31. When the designation of a display/ 
preservation mode is started, a display/preservation mode is 
initialized to the all-images display/preservation mode at 
step S37. At the next step S38, any of the display/preserva 
tion modes other than the all-images display/preservation 
mode is Selected. 

0289 When the step S31 of the designation of a display/ 
preservation mode described in FIG. 30 is completed, it is 
judged at Step S32 whether the display/preservation mode is 
Set to the all-images display/preservation mode. If the dis 
play/preservation mode is not set to the all-images display/ 
preservation mode, a reference for Selection is designated at 
step S33. Control is then passed to step S34. The designation 
of a reference for selection is detailed in FIG. 32. 

0290. On the other hand, if it is judged at step S32 that the 
display/preservation mode is not set to the all-images dis 
play/preservation mode, control is passed to the Step S34 of 
designation of timing. The designation of timing is detailed 
in FIG. 8. 

0291. When the designation of timing is completed, step 
S35 of designation of simultaneously preserved data and 
Step S36 of execution of display/preservation are carried out. 
The process described in FIG. 30 is then terminated. The 
Step S35 of designation of Simultaneously preserved data 
and the Step S36 of execution of display/preservation are 
detailed in FIG. 35 and FIG. 37 respectively. 
0292 Next, the designation of a reference for selection 
will be described in conjunction with FIG. 32. 
0293 When the designation of a reference for selection is 
Started, a reference for Selection is initialized to a luminance 
value at step S41. The luminance value is initialized to 255 
at step S42. Thereafter, control is passed to step S43 of 
Selecting a reference for Selection. 
0294. At step S44, a user is prompted to designate 
whether the luminance value is Selected as a reference for 
Selection. When the user Selects the luminance value as the 
reference for Selection, the luminance value is set to any 
value ranging from 0 to 255 at step S45. At the next step S46, 
the user is prompted to designate whether the designation of 
a size is validated (on). If the designation of a size is 
validated (on), the size is designated at step S47. For 
example, the Size is Set to 10 um or leSS. Control is then 
passed to step S48. 

0295). On the other hand, if the user does not select the 
luminance value as a reference for Selection, control is 
passed to step S48. At step S48, the user is prompted to 
designate whether an area is designated as a reference for 
Selection. If the user Selects the area, an area is defined at 
step S49. The definement of an area has been detailed with 
reference to FIG. 33. 

0296. When the definement of an area is completed, the 
user is prompted at step S50 to designate whether a frame 
image is Selected as a reference for Selection. If the user 
Selects the frame image, the user designates with what frame 
image display Should be started or Stopped, or in other 
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words, the number of frame imageS preceding a frame image 
with which display should be started/stopped at step S51. 
Control is then passed to Step S52. As a concrete example of 
the Step S51 of designating with which frame image display 
should be started or Stopped, the user designates the number 
of frames ranging from 0 to 160. 
0297 If the user does not select a frame image at step 
S50, control is passed to step S52. At step S52, the user is 
prompted to designate whether a time is Selected as a 
reference for Selection. If the user Selects a time, the user 
designates a Start/stop time at Step S53. The proceSS 
described in FIG. 32 is then terminated. 

0298 As a concrete example of the designation of a 
Start/stop time, a user designates a time ranging from, for 
example, 0 to 8000 msec. If a time is not selected, step S53 
is skipped and the process described in FIG. 32 is termi 
nated. 

0299 Next, the designation of timing will be described in 
conjunction with FIG. 34. 
0300 When the designation of timing is started, the 
timing is initialized to the Start of Scanning at Step S61. At 
Step S62, timing is Selected. At Step S63, a user is prompted 
to designate whether the Start of blur correction is Selected 
as timing. If the user Selects the Start of blur correction, the 
user is prompted at step S64 whether designation of blur 
correction is invalidated (off). 
0301 If the user designates that designation of blur 
correction is invalidated (off), since the designation is incon 
Sistent with the Selection made at Step 63, control is returned 
to step S63. On the other hand, if the start of blur correction 
is not Selected as timing, control is passed to Step S65, the 
user is prompted to designate whether the timing before or 
after execution of freeze is Selected as timing. If the user 
Selects the timing before or after execution of freeze, the 
user designates at Step S66 the number of frame images 
preceding or Succeeding a frame image that is frozen. 

0302 Specifically, the user designates the number of 
frame images ranging from, for example, -80 to +80, and the 
process described in FIG. 34 is terminated. If the timing 
before or after execution of freeze is not Selected as timing 
at step S65, step S66 is skipped and the process described in 
FIG. 34 is terminated. 

0303) Next, designation of simultaneously preserved data 
will be described in conjunction with FIG. 35 below. 
0304. When the designation of simultaneously preserved 
data is started, initialization is performed at step S68 so that 
designation of a normal endoscopic image will be validated 
(on), designation of a Scale will be invalidated (off), desig 
nation of a text will be invalidated (off), and designation of 
a cursor will be invalidated (off). At the next step S69, any 
of the parameters for Simultaneously preserved data is 
Selected or Selection is canceled. In other words, a user 
Selects a parameter different from the initially Selected 
parameter at step S69, and the process described in FIG. 35 
is terminated. 

0305 After the designation of various parameters is 
terminated, a specific image is displayed or preserved based 
on the Settings. Consequently, a specific image can be 
displayed or preserved based on user-designated Settings. 
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0306 AS listed in FIG. 36A and FIG. 36B, the number 
of Settings for display and/or preservation comes to 80 in 
total. 

0307 FIG. 36A and FIG. 36B lists the number of 
patterns of display/preservation parameters conceivable in a 
case where a reference for Selection is Selected from among 
the parameters of a luminance value, an area, a freeze, and 
a time. As described in the flowchart of FIG. 32, if a 
plurality of items or parameters, for example, both the 
luminance value and area are made Selective as references 
for Selection, the number of patterns of display/preservation 
parameters becomes much larger. 
0308 Typical examples of settings will be successively 
described with reference to FIG. 37, FIG. 40, FIG. 41, FIG. 
43, FIG. 46, and FIG. 48 respectively. 
0309 The flowchart of FIG. 37 describes operations to 
be performed in a case where: Similarly to an example of 
display shown in FIG. 28, a display/preservation mode is set 
to the Specific image display/preservation mode; a reference 
for Selection is set to a luminance value (=150); designation 
of a size is invalidated (off); timing is set to the start of 
Scanning, designation of blur correction is invalidated (off); 
and Simultaneously preserved data is Set to a normal endo 
Scopic image and a Scale. 
0310. When the power supply of the optical probe system 
101 is turned on, the optical probe system starts up. The 
control device 124 enters an operating State and waits at Step 
S71 in FIG. 37 until scanning is started. 
0311. When scanning is started, the control unit 124 starts 
display and preservation at step S72. At the next step S73, 
the control device 124 judges whether the luminance value 
of a frame image has become 150 or more even once. 
0312 FIG. 38 shows the circuitry of a signal processing 
System that judges whether a reference for Selection is Set to 
a luminance value and whether a signal which represents an 
observation image depicting cells and whose luminance 
Signal component has a level equal to or larger than a 
predetermined luminance value has been received. 
0313 For example, as shown in FIG.38, an output signal 
of the A/D converter 115 is applied to one input terminal of 
a comparator 131 included in the control device 124. More 
over, a luminance value (=150) Stored in a parameter Storage 
unit 132 included in the control device 124 is applied as a 
reference value to the other input terminal of the comparator 
131. The comparator 131 judges whether a view signal 
depicting cells and exhibiting a luminance value equal to or 
higher than the reference luminance value (=150) has been 
received. Based on an output Signal of the comparator 131, 
Writing a signal in the memory 116 is controlled. 

0314. If the luminance value of a frame image has not 
become 150 or more even once, the control device 124 
inhibits writing in the memory 116 at step S74. At the next 
step S75, immediately before writing in the memory 116 is 
inhibited, data is read from the memory 116. The data is held 
in a display RAM and displayed on the monitor 104. Control 
is then passed to step S76. 

0315. In other words, if the luminance value of a frame 
image has not become 150 or more even once, the latest data 
representing a previous frame image and containing a lumi 
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nance value that has become 150 or more even once is read. 
The data is held in the display RAM, and kept displayed on 
the monitor 104. 

0316 The control device 124 judges at step S76 whether 
Scanning is stopped. If Scanning is not stopped, control is 
passed to Step S77 of processing the next frame image. After 
control is passed to the processing of the next frame image, 
control is returned to step S73. 

0317) If it is judged at step S73 that the luminance value 
of a frame image has become 150 or more even once, the 
control device 124 judges at step S78 whether the writing 
Space in the memory 116 has room to Store data representing 
one frame image and other data (more accurately, room to 
Store data representing one frame image, image data, and 
Simultaneously preserved data). If the writing space has no 
room, the oldest data in the memory 116 is reserved as data 
to be overwritten at step S79. Control is then passed to step 
S80. 

0318. On the other hand, if the writing space in the 
memory 116 has room to Store data representing one frame 
image and other data, control is passed to step S80. The 
control device 124 simultaneously writes an observation 
image depicting cells (cell image in FIG. 37) and simulta 
neously preserved data in the memory 116 at step S80. 
Thereafter, control is passed to step S81. 

0319. At step S81, the written data is read from the 
memory 116, and displayed on the monitor 104. Thereafter, 
control is passed to Step S76. It is then judged as mentioned 
above whether Scanning is Stopped. If Scanning is not 
stopped, control is returned to step S73 via step S77. 

0320 If a user designates at step S76 that scanning 
should be stopped, control is passed to step S82. The control 
device 124 stops display and preservation. 

0321) At step S83, the user is prompted to designate 
whether data is preserved in the form of a file. Assume that 
the user designates that data should be preserved in the form 
of a file. In this case, at step S84, a filename and a file format 
are designated, and the data is preserved on the recording 
medium 118. The process described in FIG. 37 is then 
terminated. 

0322) If the user does not designate at step S83 that data 
should be preserved in the form of a file, preservation on the 
recording medium 118 is not carried out, but the proceSS 
described in FIG. 37 is then terminated. 

0323 FIG. 39 is a timing chart indicating the timings of 
the operations described in FIG. 37. As shown in FIG. 39, 
display and preservation are Started Simultaneously with 
Start of Scanning. Moreover, the display and preservation are 
Stopped simultaneously with Stop of Scanning. After Scan 
ning is stopped, image data recorded in the memory 116 can 
be preserved in a predetermined file format in the recording 
medium 18 (for example, a magnetic disk Such as a hard 
disk, or a magneto-optical disk Such as a CD-R disk, an MO 
disk, or a DVD-R disk). The filename can be designated 
arbitrarily, and the file format may be the multi tagged image 
file format (TIFF) in which a multi-still image file is stored, 
the audio video interleave (AVI) file format, or the MPEG-1 
or MPEG-2 file format in which a motion picture file is 
Stored. 
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0324) Next, referring to FIG. 40, the second typical 
example of operations will be described below. In this case, 
when the parameters are Selected or designated as shown in 
FIG. 28, the designation of a size is validated (on). 
0325 Specifically, the conditions for display/preserva 
tion are identical to those concerning FIG. 37 except that the 
designation of a size is validated. More particularly, a 
display/preservation mode is Set to the Specific-image dis 
play/preservation mode, a reference for Selection is Set to a 
luminance value (=150), designation of a size is validated 
(on), timing is set to the start of Scanning, designation of blur 
correction is invalidated (off), and simultaneously preserved 
data is Set to a normal endoscopic image and a Scale. 
Operations to be performed for display/preservation under 
these conditions will be described below. 

0326 For example, when a frame image depicts a cell 
having a size of 10 tim, if the number of pixels constituting 
a display image is a product (approximately 200,000 pixels) 
of 512 by 512, the number of pixels whose luminance values 
are 150 or more is about 10,000. 

0327. Therefore, if a luminance value is 150 or more and 
the number of pixels constituting one frame image is 10,000, 
the frame image depicts a cell. The frame image is therefore 
displayed or preserved. 

0328. The flowchart of FIG. 40 is identical to the flow 
chart of FIG. 37 except that step S91 is inserted between 
steps S72 and S73 (or more particularly, similar step S43), 
and steps S92 to S95 are inserted between step S73 and step 
S74. The fundamental difference from FIG. 37 will be 
described below. 

0329. When a process is started, similarly to FIG. 37, 
steps S71 and S72 are performed. Thereafter, step S91 of 
initialization of a pixel counter is performed. Specifically, a 
count variable i is reset to 0. Thereafter, at step S73', the 
control device 124 judges whether a luminance value con 
tained in received image data (of each pixel) is equal to or 
larger than 150 (Serving as a reference luminance value). 
0330. If the above condition is met, the count variable i 
is incremented by one at step S92. At the next step S93, it 
is judged whether the frame image is the last one. If the 
frame image is not the last one, control is passed to Step S94 
of processing the next pixel. Control is then returned to Step 
S73". At step S73', if the luminance value of a received pixel 
is not equal to or larger than 150, Step S92 is skipped and 
control is passed to step S93. 

0331. At step S93, if the frame image is the last one, 
control is passed to step S95. The control device 124 judges 
whether the count variable i is equal to or larger than 10,000 
(that is, i210,000). If the condition is met, it is judged that 
the frame image depicts a cell having a size of 10 um. 
Control is then passed to step S78, and data is written in the 
memory 116. 

0332. On the other hand, if it is found at step S95 that the 
condition is not met, control is passed to step S74. Writing 
in the memory 116 is inhibited. The latest data previously 
written in the memory 116 is read and displayed on the 
monitor 104. 

0333. The other operations are identical to those 
described in FIG. 37. 
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0334) Next, the third typical example will be described. 
In this case, a display/preservation mode is set to the 
Specific-image display/all-imageS preservation mode, a ref 
erence for Selection is Set to an area, timing is Set to the 
execution of freeze (display of a still image), designation of 
blur correction is invalidated (off), and Simultaneously pre 
Served data is Set to a text. 

0335) Whatever are the settings for blur correction and 
Simultaneously preserved data, it does not influence a pro 
ceSS. Therefore, the description of the Settings will be 
omitted. In this case, only a still image falling within an area 
Rc defined through definition of an area described in con 
junction with FIG. 29 is displayed, and all the pixels 
constituting the Still image are preserved. An input device 
such as the keyboard 125 or mouse 126 is used to freeze an 
image. This initiates a process described in the flowchart of 
FIG. 41. 

0336 When the optical scanning probe system starts up, 
the control device 124 waits until Scanning is started at Step 
S101. Thereafter, at step S102, the control device 124 waits 
until freeze is directed. 

0337. When freeze is directed, the control device 124 
judges at step S103 whether the writing space in the memory 
116 has room. If the writing Space has no room, the oldest 
data in the memory 116 is reserved as data to be overwritten 
at step S104. At the next step S105, an observation image 
depicting cells and Simultaneously preserved data are writ 
ten simultaneously in the memory 116. Control is then 
passed to the next step S106. 

0338. On the other hand, if the writing space in the 
memory 116 has room at step S103, control is passed to step 
S105. 

0339. At step S106, written data is read from the memory 
116 and displayed on the monitor 104. At the next step S107, 
it is judged. whether a pixel concerned lies outside the 
defined area Rc (for brevity's sake, the reference numeral Rc 
is omitted from FIG. 41 but only the defined area is stated). 
0340) If the pixel concerned lies outside the defined area 
Rc, the control device 124 resets the luminance value of the 
pixel to 0 at step S108. In other words, the luminance value 
of a pixel outside the defined area Rc is determined So that 
the pixel will appear in black. Thereafter, the control device 
124 judges at step S109 whether the frame image is the last 
one. If the frame image is not the last one, control is passed 
to step S110 of processing the next pixel. Control is then 
returned to step S107. 

0341. On the other hand, if it is judged at step S107 that 
the pixel concerned lies within the defined area Rc, the 
control device 124 passes control to step S109. If the control 
device 124 judges at step S109 that the frame image is the 
last one, an observation image depicting cells within the 
defined area Rc is displayed on the monitor 104 at step S111. 

0342. Thereafter, at the next step S112, the control device 
124 prompts a user to designate whether data should be 
Stored in the form of a file. If the user designates that data 
should be stored in the form of a file, the data is read from 
the memory 116, and preserved on the recording medium 
118 with a filename and a file format designated. The process 
described in FIG. 41 is then terminated. If data should not 
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be stored in the form of a file, step S113 is skipped and the 
process described in FIG. 41 is terminated. 
0343 FIG. 42 is a timing chart indicating operations 
performed as described in FIG. 41. As shown in FIG. 42, 
when Scanning is started, all Still images are recorded in the 
memory 116 at the timing that freeze is executed, that is, the 
timing that freeze is designated and a freeze designation 
Signal is transmitted. The control device 124 extends control 
So that among the images represented by the data read from 
the memory 116, only an image falling within the defined 
area Rc will be displayed as a still image. 
0344) Image data recorded in the memory 116 is pre 
Served on the recording medium 118 according to a certain 
file format. Any filename can be assigned, and the file format 
may be the TIFF or BMF in which data is stored as a still 
image file. 
0345 Next, the fourth typical example will be described 
below. In this case, a display/preservation mode is Set to the 
all-images display/specific-image preservation mode, a ref 
erence for Selection is Set to a frame image, the number of 
frames is 50 ranging from frame image 1 to frame image 50, 
timing is set to the timing before or after execution of freeze 
(timing point is -10), designation of blur correction is 
invalidated (off), and Simultaneously preserved data is set to 
a CUSO. 

0346) Whatever are the settings for blur correction and 
Simultaneously preserved data, it will not influence a pro 
cess. The description of the settings will be omitted. In this 
case, display and preservation are started at the timing that 
precedes the timing of freezing a frame image by ten 
frame-image productions. Only frame images ranging from 
frame image 1 to frame image 50 are preserved, and a still 
image of a frame image preceding ten frame images is 
displayed. An input device such as the keyboard 125 or 
mouse 126 is used to freeze a frame image. Consequently, 
data that is written in the memory 116 ten frame-image 
productions previously is read and displayed as described in 
the flowchart of FIG. 43 and the timing chart of FIG. 44. 
0347. Furthermore, when data is preserved in the form of 
a file, fifty consecutive frame images Starting with a frame 
image produced ten frame imageS previously are preserved. 
0348 Referring to FIG. 43, operations performed will be 
described. Similarly to FIG. 41, the control device 124 waits 
at step S101 until scanning is started. At the next step S102, 
it is judged whether freeze is directed. 
0349. If freeze is directed, the control device 124 reads 
data, which is written ten frame-image productions previ 
ously, from the memory 116 at step S115, and permits the 
data to be displayed on the monitor 104. Control is then 
passed to the next step S103. Step S103 to step S106 are 
identical to those in FIG. 41. Namely, data read from the 
memory 116 is displayed on the monitor 104. 
0350. Thereafter, the control device 124 judges at step 
S116 whether Scanning is stopped or freeze is canceled. If 
neither Scanning is stopped nor freeze is canceled, control is 
passed to Step S117 of processing the next frame image. 
Control is then returned to step S105. 
0351. On the other hand, if it is found at step S102 that 
freeze is not directed, the control device 124 jumps control 
to step S115, and executes step S103. 
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0352 Moreover, if it is judged at step S116 that scanning 
is stopped or freeze is canceled, control is passed to Step 
S82. The control device 124 prompts a user to designate 
whether data should be preserved in the form of a file. If the 
user does not designate the preservation, the control device 
124 does not preserve data but terminates the process. If the 
user designates the preservation, the control device 124 
reads data, which represents 50 frame imageS Starting with 
a frozen image, from the memory 116 at step S118. The data 
is then preserved on the recording medium 118 with a 
filename and a file format designated. The process described 
in FIG. 43 is then terminated. 

0353 FIG. 44 shows the timings of starting and stopping 
display and preservation according to the process described 
in FIG. 43. After scanning is started as shown in FIG. 44, 
if freeze is directed, data written ten frame-image produc 
tions previously is read from the memory 116, and displayed 
and preserved. 
0354) Moreover, FIG. 45 shows the state of the memory 
116 in which data is stored. As shown in FIG. 45, data 
representing 50 frame images that Start with a frame image 
produced ten frame-image productions previous to the tim 
ing of directing freeze is preserved. 
0355 Referring to FIG. 44, scanning continues after the 
timing of Stopping display/preservation, that is, the timing 
that the designated number of frame images has been 
displayed or preserved. If Scanning Stops before the desig 
nated number of frame images has been displayed or pre 
Served, display/preservation is stopped at the timing (con 
Sequently, in this case, a Smaller number of frame images 
than 50 frame images is displayed or preserved). 
0356) Next, the fifth typical example will be described 
below. In this case, a display/preservation mode is Set to the 
Specific-image display/preservation mode, a reference for 
Selection is Set to a time, a designated time is 1000 mSec, 
timing is set to the Start of laser light emission, designation 
of blur correction is invalidated (off), and simultaneously 
preserved data is set to a normal endoscopic image. 
0357 Whatever are the settings for blur correction and 
Simultaneously reserved data, it does not influence a process. 
The description of the settings will therefore be omitted. 
0358 Operations will be briefed below. As described in 
FIG. 46 and FIG. 47, when timing is set to the start of laser 
light emission, the timing of turning on or off the laser agrees 
with the timing of Starting or Stopping Scanning. Therefore, 
a proceSS is analogous to the one described in the flowchart 
of FIG. 37. However, when the timing disagrees with the 
timing of Starting or Stopping Scanning, display and preser 
Vation are performed only during laser light emission. Thus, 
display and preservation of unnecessary images can be 
omitted. 

0359 Similarly to the fourth typical example, as shown 
in FIG. 47, if laser light emission (or scanning) is stopped 
before the reference for Selection is met, that is, the time of 
1000 msec elapses, display or preservation is stopped at the 
timing. 
0360 Next, a description will be made with reference to 
the flowchart of FIG. 46. Operations described in FIG. 46 
are analogous to those described in the flowchart of FIG. 37. 
The same step numbers as those in FIG. 37 will be 
employed. 
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0361 Similarly to the process described in FIG. 37, at 
the first step S71, the control device 124 waits until scanning 
is started. At the next step S121, the control device 124 waits 
until the laser is turned on. Thereafter, at step S72, display 
and preservation are started. At Step S78, it is judged 
whether the writing space in the memory has room. 
0362 Step S78 to step S81 are the same as those in FIG. 
37. Thereafter, the control device 124 judges at step S122 
whether the time of 1000 msec has elapsed. If the time has 
not elapsed, it is judged at Step S76 whether Scanning is 
Stopped. 

0363 If scanning is not stopped, control is passed to Step 
S77 of processing the next frame image. Control is then 
returned to Step S78. If Scanning is Stopped, it is judged at 
Step S123 whether laser light emission is Stopped. A wait 
State continues until the laser light emission is stopped. 
Thereafter, control is passed to Step S82 of Stopping display 
and preservation. Thereafter, Similarly to the process 
described in FIG. 37, control is passed to step S83 and step 
S84. 

0364. If the control device 124 judges at step S122 that 
1000 msec has elapsed, the control device 124 passes control 
to step S82. 
0365. As mentioned above, FIG. 47 is the timing chart 
indicating the timings of the foregoing operations. Referring 
to FIG. 47, the start of laser oscillation is synchronous with 
the start of Scanning, and the stop of laser oscillation is also 
Synchronous therewith. 
0366) Next, the sixth typical example will be described 
below. In this case, a display/preservation mode is Set to the 
all-images display/preservation mode, timing is Set to the 
Start of blur correction, designation of blur correction is 
validated (on), and Simultaneously preserved data is set to a 
Scale. Whatever is the Setting for Simultaneously preserved 
data, it does not influence a process. The description of the 
setting will therefore be omitted. 
0367. In this case, preservation is started at the timing 
that blur correction is started using an input device Such as 
the keyboard 125 or mouse 126 (when it is designated in 
advance that blur correction is performed, blur correction is 
Started Synchronously with the start of Scanning). Preserva 
tion continues until blur correction is canceled or Scanning 
is completed (refer to the flowchart of FIG. 48 and the 
timing chart of FIG. 49). 
0368 Referring to FIG. 48 and FIG. 49, if scanning is 
Stopped before blur correction is stopped, preservation is 
Stopped at the timing. 

0369 Moreover, blur correction is implemented accord 
ing to a method that employs a generally known algorithm. 
For example, if a degree of the difference of one frame 
image depicting cells from an adjoining one exceeds a 
certain degree, the frame image is removed but not dis 
played. Data of a previous frame image is held and kept 
displayed. 

0370 Referring to the flowchart of FIG. 48, operations to 
be performed will be described below. 
0371 The operations are analogous to those described in 
the flowchart of FIG. 37. The same step numbers as those 
in FIG. 37 will therefore be employed. 
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0372 Similarly to FIG. 37, at the first step S71, the 
control device 124 waits for the Start of Scanning. At the next 
step S125, the control device 124 waits until designation of 
blur correction is validated. After designation of blur cor 
rection is validated, control is passed to step S72. Thereafter, 
step S78 to step S81 are executed. 

0373). After the completion of step S81, the control 
device 124 judges whether blur correction is canceled or 
Scanning is stopped. If not, control is passed to Step S77 of 
processing the next frame image. Control is then returned to 
step S78. 

0374. On the other hand, if blur correction is canceled or 
Scanning is stopped, the control device 124 passes control to 
Step S82 of Stopping display and preservation. Thereafter, 
steps S83 and S84 are executed, and the process described 
in FIG. 48 is terminated. 

0375 FIG. 49 is the timing chart indicating the timings 
of the foregoing operations. Namely, after Scanning is 
Started, display and preservation are started at the timing that 
blur correction is executed. Thereafter, if blur correction is 
canceled, display and preservation are Stopped at the timing. 

0376. As described above, according to the present 
embodiment, the Settings or conditions for display and 
preservation can be determined, Selected, or designated on 
the monitor 104 on which an observation image depicting 
cells and being produced by the optical Scanning probe 102 
is displayed. Only an image meeting the conditions can be 
displayed or preserved. This leads to improved user-friend 
liness (maneuverability). 
0377 Moreover, the designated conditions can be 
checked on the monitor 104. In other words, the designated 
conditions can be checked easily. This proves that the optical 
Scanning probe System is user-friendly. 

0378 Moreover, a desired image can be preserved effi 
ciently. Unlike the related art, unnecessary images will not 
be preserved. The necessity of editing or other work of 
Sampling a desired Still image from the unnecessary images 
is obviated or largely reduced. 
0379 Moreover, since unnecessary images are not pre 
Served, a recording medium not having a large Storage 
capacity may be adopted as the recording medium 118. 

0380 (Ninth Embodiment) 
0381) Next, referring to FIG. 50 and FIG. 51, a ninth 
embodiment of the present invention will be described 
below. FIG. 50 shows the internal configuration of an 
optical Scanning probe of a rigid type included in an optical 
probe System in accordance with the ninth embodiment. 
FIG. 51 shows an example of use of the optical scanning 
probe. 

0382 An optical probe system 150 in accordance with 
the present embodiment adopts an optical Scanning probe 
151 of a rigid type shown in FIG. 50. The rigid-type optical 
Scanning probe 151 comprises: a rigid probe housing 155 
which is coupled to the distal end of a flexible sheath 152 
(formed with a soft tube) and in which a focusing unit 153 
and a two-dimensional Scanning means 154 are incorpo 
rated; and objective units 156A and 156B that are selectively 
freely detachably attached to the probe housing 155. 

Oct. 28, 2004 

0383. The probe housing 155 is compact and lightweight, 
and one side of the probe housing 155 is several tens of 
millimeters long. Lens barrels 164 of the respective objec 
tive units 156A and 156B have an outer diameter of about 
Several millimeters, for example, about three millimeters. 
0384 An optical fiber 157 and an electric cable 158 are 
passed through the sheath 152. A connector 105 is fixed to 
the proximal end of the sheath 152, and joined to a connector 
receptacle 106 of an observation apparatus 103B. 
0385) Luminous flux emanating from a light source unit 
included in the observation apparatus 103B and traveling 
over an optical fiber is incident on the optical fiber 157. 
0386 The luminous flux is propagated to the distal end of 
the optical fiber 157 over the optical fiber 157. The distalend 
of the optical fiber 157 is extended from the distal end of the 
sheath 152 to the probe housing 155. In the focusing unit 
153, the distal end of the optical fiber 157 is held in a ferrule 
159. The ferrule 159 is held so that it can be freely moved 
in the axial directions of the optical fiber 157 (Z directions 
in FIG. 50) indicated with arrows in FIG. 50 by means of 
a focusing drive unit 162 via a ferrule holding member 161. 
0387. The focusing drive unit 162 is designed to control 
the position of an actuator. The actuator is formed with, for 
example, a linear Stage 162b having a motor 162a with an 
encoder. For example, the ferrule holding member 161 is 
borne by the movable section of the linear stage 162b so that 
it can be freely moved. With the rotation of a stepper motor 
162a, the ferrule holding member 161 is moved in the axial 
directions of the optical fiber 157 via gears or the like that 
are not shown. In this case, a Stroke the ferrule holding 
member 161 moves is, for example, about several millime 
ters, or more particularly, 5 mm. Moreover, the resolving 
power is about Several micrometers, for example, 5 lum. 
0388. The actuator included in the focusing drive unit 
162 may be realized with the combination of a stepper motor 
and a ball Screw. 

0389. According to the present embodiment, the focusing 
unit 153 is designed so that the ferrule 159 included therein 
will be moved in the optical-axis directions. Alternatively, 
the focusing unit 153 may be designed to move a collimator 
lens 163 in the optical-axis directions. Specifically, the 
focusing drive unit 162 moves a member, which holds the 
collimator lens 163 and is not shown, instead of moving the 
ferrule holding member 161. 
0390 Moreover, the focusing unit 153 can shift a viewing 
point 168 in the optical-axis directions. Therefore, a tomo 
graphic image of an object of observation 167 in a depth 
direction can be produced. 
0391 Light emitted from the distal end of the optical 
fiber 157 is recomposed into parallel luminous fluxes by the 
collimator lens 163, and reflected from a two-dimensional 
Scanning means 154 formed with a micro-machined mirror 
or the like. When the micro-machined mirror forming the 
two-dimensional Scanning means 154 is two-dimensionally 
driven, the reflected luminous flux is two-dimensionally 
swept (in FIG.50, in X and Y directions perpendicular to the 
axis of the optical fiber 157). 
0392 The luminous flux reflected from the two-dimen 
Sional Scanning means 154 passes through an objective lens 
166I locked in the distal part of the lens barrel 164 via a 
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pupil lens relay 165 locked near the proximal end of the lens 
barrel 164 of an objective unit 156I (I corresponds to A or 
B). The light is then converged at and irradiated to the object 
of observation 167. At this time, the focusing unit 153 
adjusts the focus of the optical Scanning probe So that light 
will be focused on the viewing point 168 near the surface of 
the object of observation 167. 
0393 According to the present embodiment, the pupil 
lens relay 165 is locked in the objective unit 156I. Alterna 
tively, the pupil lens relay 165 may be disposed in the probe 
housing 155 and separated from the objective unit 156I. 
0394. The probe housing 155 has an objective unit mount 
169 fitted in an opening formed in a direction in which light 
is Swept by the two-dimensional Scanning means 154. The 
proximal part 170 of the lens barrel 164 included in the 
objective unit 156I is abutted on the objective unit mount 
169, whereby the objective unit 156I is positioned and 
mounted. 

0395. Moreover, an ID detector 171 is opposed to the 
objective unit mount 169 with the proximal part 170 of the 
lens barrel 164 in the opening between them. The ID 
detector 170 detects a notch 172I formed in the proximal 
part 170 of the objective unit 156I, and thus verifies the 
power of the objective lens 166I. 
0396 The objective units 156A and 156B are different 
from each other in a point that, for example, the powers of 
the objective lenses 166A and 166B are different from each 
other. Moreover, the positions of the notches 172A and 172B 
are different from each other. The ID detector 171 detects the 
position of the notch 172A or 172B using an electric contact 
or an optical sensor. The ID detector 171 transmits an ID 
detection Signal when it detects the position. 
0397 Instead of distinguishing an objective unit from 
another according to a mechanical difference between, for 
example, the notches 172A and 172B, ID information may 
be electrically read from a recording medium, a Storage 
device (for example, a ROM), or the like in which ID 
information is Stored. 

0398. The electric cable 158 comprises a drive line 158A 
over which the focusing drive unit 162 is driven, a drive line 
158B over which the two-dimensional scanning means 154 
is driven, and a signal line 158C. over which the ID 
detection signal produced by the ID detector 171 is trans 
mitted. When the connector 105 is coupled to the observa 
tion apparatus 103B, the electric cable 158 is coupled to a 
control device incorporated in the observation apparatus 
103B. 

0399. The control device incorporated in the observation 
apparatus 103B has the same capability as the control device 
124 shown in FIG. 27. In addition, the control device has the 
capability to produce a driving Signal for use in focusing, 
and the capability to control a Scanned range in case the 
two-dimensional Scanning means 154 is driven based on the 
ID detection signal produced by the ID detector 171. 
0400 For example, assume that the power of the objec 
tive lens 166A locked in the objective unit 156A is four 
times higher than the power of the objective lens 166B 
locked in the objective unit 156B. Based on the ID detection 
signal produced when the objective unit 156A is mounted, 
the amplitude of a light wave to be swept by the two 
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dimensional Scanning means 154 is controlled to be a 
quarter of the one of a signal applied when the objective unit 
156B is mounted. 

0401 Light two-dimensionally swept by the two-dimen 
Sional Scanning means 154 is converged on the objective 
lens 166A, and reflected from near the viewing point 168. 
The light then passes through the objective lens 166A and 
falls on the distal end of the optical fiber 157. The light is 
then photoelectrically converted within the observation 
apparatus 103B, whereby an image Signal is produced. 
Consequently, an image represented by the image Signal is 
displayed on a monitor connected to the observation appa 
ratus 103B. 

04.02 Even in the present embodiment, the distal end of 
the optical fiber 157 and the objective lens 166I (that 
converges light at the viewing point 168) have a nearly 
confocal relationship to each other, whereby a confocal 
microScope is realized. 
0403) Focusing is finely performed so that light will be 
focused on the viewing point 168 even after observation is 
continuously performed for a long period of time ranging 
from Several weeks to Several months. The focusing is 
adjustment of the focus of the optical Scanning probe in a 
depth direction (or distance direction) orthogonal to direc 
tions in which two-dimensional Scanning is performed. 
0404 An arm fixture 173 is formed on the external 
surface of the probe housing 155. As shown in FIG. 51, a 
passive joint 175 fixed to the distal end of an arm 174 is 
attached to the arm fixture 173. 

04.05 FIG. 51 shows an example of use mainly of the 
optical Scanning probe 151 included in the optical probe 
system 150 in accordance with the present embodiment. The 
optical Scanning probe 151 is held at any position with the 
arm 174 whose proximal end is fixed to an observation table 
181. The arm 174 has first to third joints 182a to 182c, which 
can freely Swivel, arranged in the longitudinal direction of 
the arm 174. The position of the distal passive joint 175 at 
which the optical scanning probe 151 is held can be three 
dimensionally adjusted or Set to any position. 

0406. The first joint 182a can freely swivel in the axial 
directions of the arm 174, while the second and third joints 
182b and 182c can freely swivel in directions orthogonal to 
the axis of the arm 174. 

0407. An XY stage 182 that is freely movable in X and 
Y directions is mounted on the observation table 181. An 
object-of-observation locking unit 183 shaped like, for 
example, letter U is secured to the XY stage 182. 
0408. The object-of-observation locking unit 183 clamps 
or locks, for example, a rat 167a that is the object of 
observation 167 as if to grasp it. 
04.09 Moreover, an objective unit locking member 184 
that locks the distal side of the objective unit 156I as if to 
grasp it is placed on the top of the object-of-observation 
locking unit 183 (in FIG. 51, the objective unit 156A). 
0410 Adriving means such as a stepper motor that is not 
shown is incorporated in the XY stage 182. One end of the 
electric cable 186 extended from the observation table 181 
is coupled to the driving means, and the other end thereof is 
coupled to the observation apparatus 103B. 
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0411] The keyboard 125 (see FIG. 27) included in the 
observation apparatus 103B is handled in order to control 
driving by the Stepper motor using a control signal produced 
by the control device 124. The position of the XY stage 182 
(the position of the object-of-observation locking member 
183 on the top of the XY stage) is adjusted arbitrarily on an 
XY plane by freely moving the XY stage 182 in the 
directions of two axes such as in the X and Y directions. 

0412. The object-of-observation locking member 183 on 
the top of the XY stage 182 is used to position the objective 
unit 156A of the rigid-type optical scanning probe 151. 
Thus, the object of observation 167, for example, the rat 
167a can be observed for a prolonged period of time. When 
the object of observation 167 is thus observed for a pro 
longed period of time, the XY stage 182 is moved in order 
to finely adjust the position of the viewing point 168. 
0413. According to the present embodiment, an object of 
observation can be observed for a long period of time by 
performing simple work as if it were observed using a 
confocal microscope. 
0414 Having described the preferred embodiments of the 
invention referring to the accompanying drawings, it should 
be understood that the present invention is not limited to 
those precise embodiments and various changes and modi 
fications thereof could be made by one skilled in the art 
without departing from the Spirit or Scope of the invention as 
defined in the appended claims. 
What is claimed is: 

1. An optical probe System comprising: 
an optical probe to be inserted into a body cavity; 
a light Source that generates light which is irradiated to an 

object; 
a high-magnification observation unit incorporated in the 

distal Section of the optical probe; 
an image digitization unit that digitizes a luminance signal 

produced by the high-magnification observation unit; 
an image parameter Sampling unit that Samples an image 

parameter from an image; 
an optimization parameter calculation unit that calculates 

an optimization parameter on the basis of the image 
parameter, 

an image optimization unit that optimizes an image 
according to the optimization parameter; 

an image display device on which an optimized image is 
displayed; and 

a digital image preservation unit in which a digital image 
is preserved. 

2. An optical probe System according to claim 1, wherein 
the image parameter is a luminance parameter. 

3. An optical Scanning probe System according to claim 2, 
wherein the luminance parameter indicates maximum 
brightness or minimum brightness. 

4. An optical Scanning probe System according to claim 3, 
wherein before the image parameter Sampling unit Samples 
the image parameter, a noise is canceled. 

5. An optical Scanning probe System according to claim 2, 
wherein the luminance parameter indicates an average of the 
luminance values of all pixels. 
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6. An optical Scanning probe System according to claim 2, 
wherein the luminance parameter is provided as a histogram 
plotted based on the luminance values of all pixels. 

7. An optical Scanning probe System according to claim 2, 
wherein the luminance parameter Sampling unit Samples a 
luminance Signal using an analog electronic circuit. 

8. An optical Scanning probe System according to claim 2, 
wherein the luminance parameter Sampling unit is realized 
with an algorithm that is programmed in a computer and that 
is applied to an digitized image. 

9. An optical Scanning probe System according to claim 2, 
wherein the image optimization unit is a luminance conver 
Sion unit that converts a luminance value. 

10. An optical Scanning probe System according to claim 
9, wherein the luminance conversion unit is realized with an 
algorithm that is programmed in a computer and that is 
applied to a digitized image. 

11. An optical Scanning probe System according to claim 
9, wherein the luminance conversion unit converts a lumi 
nance signal using an analog electronic circuit. 

12. An optical Scanning probe System according to claim 
2, wherein before the image digitization unit digitizes a 
luminance Signal, a dynamic range compression unit com 
presses the dynamic range. 

13. An optical Scanning probe System according to claim 
12, wherein the compression of the dynamic range is 
achieved through logarithmic conversion. 

14. An optical Scanning probe System according to claim 
12, wherein the compression of the dynamic range is 
achieved through gamma conversion. 

15. An optical Scanning probe System according to claim 
12, wherein inverse transformation is performed on an 
image digitized by the image digitization unit, and the image 
is thus optimized. 

16. An optical Scanning probe System according to claim 
12, wherein at least one of a luminance parameter and an 
optimization parameter is preserved together with a digitized 
image in the digital image preservation unit. 

17. An optical Scanning probe System according to claim 
16, wherein the digitized image to be preserved is an image 
that has not yet been optimized. 

18. An optical Scanning probe System according to claim 
16, wherein the digitized image to be preserved is an image 
that has been optimized. 

19. An optical Scanning probe System according to claim 
2, wherein the optimization parameter calculation unit cal 
culates an optimization parameter using at least one of the 
past image parameter and a luminance parameter. 

20. An optical Scanning probe System according to claim 
1, wherein the image optimization unit and digital image 
preservation unit process time-Sequentially consecutive 
images. 

21. An optical Scanning probe System according to claim 
20, wherein the image optimization unit Selects and displayS 
an image that depicts an edge at a luminance level equal to 
or higher than a predetermined level. 

22. An optical Scanning probe System according to claim 
21, wherein the image optimization unit deals with a lumi 
nance parameter relative to a threshold value So as to detect 
an in-focus image. 

23. An optical Scanning probe System according to claim 
21, wherein the image optimization unit deals with a value, 
which is calculated by integrating the luminance values of a 
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high-frequency component of an image, relative to a thresh 
old value So as to detect an image depicting a contour. 

24. An optical Scanning probe System according to claim 
23, wherein a method of detecting the high-frequency com 
ponent is a differential. 

25. An optical Scanning probe System according to claim 
23, wherein only an image that depicts an edge at a lumi 
nance level equal to or higher than a predetermined level is 
preserved in the digital image preservation unit. 

26. An optical Scanning probe System according to claim 
23, wherein information concerning the presence or absence 
of an image that depicts an edge at a luminance level equal 
to or higher than a predetermined level is preserved in the 
digital image preservation unit. 

27. An optical Scanning probe System according to claim 
20, wherein a plurality of images is displayed on the same 
Screen of the image display unit. 

28. An optical Scanning probe System according to claim 
27, wherein the plurality of images to be displayed is 
determined with a time instant at which an image is pro 
duced and an image parameter. 

29. An optical Scanning probe System according to claim 
20, wherein the image parameter Sampling unit Samples a 
characteristic quantity from an image, and the image opti 
mization unit concatenates a plurality of images, which is 
acquired temporally continuously, on the basis of the char 
acteristic quantities Sampled from the images So as to 
produce an image. 

30. An optical Scanning probe System according to claim 
20, further comprising a depth change unit that shifts an 
imaged range in a depth direction, and an image acquisition 
unit that acquires time-Sequential imageS while the depth 
change unit changes a depth of observation. 

31. An optical Scanning probe System according to claim 
30, wherein the digital image preservation unit Simulta 
neously records an image, at least one of an image parameter 
and an optimization parameter, and depth information con 
cerning a depth of imaging. 

32. An optical Scanning probe System according to claim 
30, wherein time-Sequential images are acquired by varying 
the depth of observation in order to produce a two-dimen 
Sional tomographic image or a three-dimensional image. 

33. An optical Scanning probe System according to claim 
1, wherein the high-magnification observation unit com 
prises: 

a condenser that converges or emits light emanating from 
a light Source; 

an optical Scanning unit that Scans a focal point on an 
object, at which the light is converged by the con 
denser, in a direction orthogonal to the optical-axis 
directions of the condenser; and 

a photo-detection device that detects light returning from 
the object. 

34. An optical Scanning probe System according to claim 
33, further comprising an optical fiber over which the light 
emanating from the light Source is introduced into the 
condenser, and a separator that Separates the light returning 
from the object from the light path emanating from the light 
Source, wherein: 

when the photo-detection device detects the light Sepa 
rated by the Separator, the end of the optical fiber and 
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the object have a confocal or near confocal relationship 
to each other and share the same focal point on the 
condenser. 

35. An optical Scanning probe System according to claim 
34, wherein the photo-detection device is formed with a 
photo detector. 

36. An optical Scanning probe System according to claim 
34, wherein the photo-detection device is formed with a 
photomultiplier tube. 

37. An optical Scanning probe System according to claim 
33, wherein the light source is formed with a laser. 

38. An optical Scanning probe System according to claim 
37, wherein the laser is a Semiconductor laser. 

39. An optical Scanning probe System according to claim 
33, wherein the condenser includes at least one lens that 
concentrates light on an object. 

40. An optical Scanning probe System according to claim 
1, wherein the light Source is a low-coherent light Source, 
further comprising: 

a splitter that Splits light emanating from the light Source 
into observation light that is routed to the condenser, 
and reference light; and 

a coupler that couples light returning from the object and 
the reference light So as to complete interference, 
wherein: 

the photo detector detects the light coming from the 
coupler, and 

the Signal processing unit Samples an interference Signal 
from a Signal produced by the photo detector. 

41. An optical Scanning probe System according to claim 
40, wherein the optical path length for the observation light 
and the optical path length for the reference light agree with 
each other at a point near a point on which light is converged 
by the condenser. 

42. An optical Scanning probe System according to claim 
1, further comprising: 

a display/preservation Selection device that is used to 
Select or designate display/preservation parameters, 
which determine a method of displaying and preserving 
an image, on the image display device; and 

a control device that controls any one of the light Source, 
image display device, and digital image preservation 
unit on the basis of the display/preservation parameters, 
and executes display and preservation. 

43. An optical Scanning probe System according to claim 
42, wherein the display/preservation parameters include at 
least one of: 

a parameter concerning a display/preservation mode in 
which at least a Specific image is displayed and/or 
preserved; 

a parameter concerning a reference for Selection based on 
which an image to be displayed on the image display 
device, that is, an object of display and/or preservation 
is Specified; 

a parameter concerning Simultaneously preserved data, 
that is, data other than an image that should be pre 
Served together with an image displayed on the image 
display device; 
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a parameter concerning timing of preservation, that is, at 
what timing an image displayed on the image display 
device should be preserved; and 

a parameter concerning blur correction, that is, whether a 
blur in an image displayed on the image display device 
should be corrected. 

44. An optical Scanning probe System according to claim 
43, wherein the display/preservation Selection device is used 
to Select or designate the display/preservation mode from 
among: 

a specific-image display/preservation mode in which a 
Specific image alone is displayed and preserved; 

a specific-image display/all-imageS preservation mode in 
which a specific image alone is displayed and all 
images are preserved; 

an all-images display/specific-image preservation mode 
in which all images are displayed and a specific image 
alone is preserved; and 

an all-images display/preservation mode in which all 
images are displayed and preserved. 

45. An optical Scanning probe System according to claim 
43, wherein the display/preservation Selection device is used 
to Select or designate the reference for Selection from 
among: 

a luminance value represented by a luminance Signal 
Sampled by the high-magnification observation unit; 

an area that is defined within an image range produced by 
the high-magnification observation unit; 

a frame image that Specifies a certain number of frame 
images from among time-Sequentially consecutive 
frame images, and 

a time during which a Specific frame image out of 
time-Sequentially consecutive frame images is dis 
played or preserved. 

46. An optical Scanning probe System according to claim 
45, wherein the control device controls the image display 
device and digital image preservation unit So that: 

an image whose luminance value is equal to or larger than 
a predetermined luminance value will be displayed 
and/or preserved; and 

an image whose luminance value falls below the prede 
termined luminance value is not displayed and/or pre 
Served. 

47. An optical Scanning probe System according to claim 
46, wherein the control device controls the image display 
device and digital image preservation unit So that: 
when the reference for Selection is Set to the luminance 

value, an image whose luminance value is equal to or 
larger than the predetermined luminance value and 
which depicts an object in a size equal to or larger than 
a predetermined size will be displayed and/or pre 
Served; and 

an image whose luminance value falls below the prede 
termined luminance value and which depicts an object 
in a size falling below the predetermined size will not 
be displayed and/or preserved. 

48. An optical Scanning probe System according to claim 
46, wherein when the reference for selection is set to the 
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luminance value, the display/preservation Selection device 
can be used to Set the predetermined luminance value to any 
value. 

49. An optical Scanning probe System according to claim 
46, wherein when the reference for selection is set to the 
luminance value, the display/preservation Selection device 
can be used to Set the predetermined luminance value and 
predetermined object size to any values. 

50. An optical Scanning probe System according to claim 
45, wherein the control device controls the image display 
device and digital image preservation unit So that when the 
reference for Selection is Set to the area, a predetermined 
area alone will be displayed and/or preserved but the other 
area will not be displayed and/or preserved. 

51. An optical Scanning probe System according to claim 
50, wherein when the reference for selection is set to the 
area, the display/preservation Selection device can be used to 
Set the predetermined area to any area. 

52. An optical Scanning probe System according to claim 
45, wherein when the reference for selection is set to the 
frame image, the control device controls the image display 
device and digital image preservation unit So that a prede 
termined frame image alone will be displayed and/or pre 
served but the other frame images will not be displayed 
and/or preserved. 

53. An optical Scanning probe System according to claim 
52, wherein when the reference for selection is set to the 
time, the display/preservation Selection device can be used 
to set the predetermined frame image to any frame image. 

54. An optical Scanning probe System according to claim 
45, wherein when the reference for selection is set to the 
time, the control device controls the image display device 
and digital image preservation unit So that display and/or 
preservation is performed during a predetermined time but 
not performed during the other time. 

55. An optical Scanning probe System according to claim 
54, wherein when the reference for selection is set to the 
time, the display/preservation Selection device can be used 
to Set the predetermined time to any time. 

56. An optical Scanning probe System according to claim 
43, wherein the display/preservation Selection device can be 
used to Select or designate the Simultaneously preserved data 
from at least one and more among a normal endoscopic 
image, a Scale, any text, and any cursor. 

57. An optical Scanning probe System according to claim 
43, wherein the display/preservation Selection device can be 
used to Select or designate the timing of preservation from 
among: 

the timing of Starting and/or stopping observation which 
is determined by the control device; 

the timing of displaying a still image or the timing before 
or after the display; 

the timing of Starting and/or Stopping emission of light 
from the light source which is determined by the 
control device; and 

the timing of executing and/or canceling blur correction 
which is determined by the control device. 

58. An optical Scanning probe System according to claim 
43, wherein the display/preservation Selection device can be 
used to designate execution or cancellation of blur correc 
tion. 
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59. An optical Scanning probe System according to claim 
42, wherein together with an image displayed on the image 
display device, at least one of a normal endoscopic image, 
a Scale indicating the size of an object depicted in an image 
displayed on the image display device, any text, and any 
cursor can be displayed on the image display device. 

60. An optical Scanning probe System according to claim 
42, wherein the display/preservation Selection device 
includes an input device used to designate the display/ 
preservation parameters. 

61. An optical Scanning probe System according to claim 
60, wherein the input device is a keyboard whose keys can 
be pressed with a hand. 

62. An optical Scanning probe System according to claim 
60, wherein the input device is a mouse capable of being 
clicked or dragged with a hand or a trackball. 

63. An optical Scanning probe System according to claim 
1, wherein the image digitization unit is an A/D converter. 

64. An optical Scanning probe System according to claim 
63, wherein gradation permitted by the A/D converter is 
expressed with at least 8 bits. 

65. An optical Scanning probe System according to claim 
1, wherein the digital image preservation unit is formed with 
a memory in which a digital Signal is preserved. 

66. An optical Scanning probe System according to claim 
65, wherein the memory is a cine memory having a large 
Storage capacity. 

67. An optical probe System comprising: 

an optical probe that is inserted into a body cavity; 
a light Source that generates light which is irradiated to an 

object; 

a condenser that converges or emits light emanating from 
a light Source included in the distal Section of the 
optical probe; 

an optical Scanning unit that Scans a focal point on an 
object, at which the light is converged by the con 
denser, two-dimensionally in a direction orthogonal to 
the optical-axis directions of the condenser; 

a photo detector that detects light returning from the 
object; and 

a display device on which a luminance Signal Sampled by 
the photo detector is two-dimensionally displayed 
according to a magnitude of Scanning performed by the 
optical Scanning unit, wherein: 

an image is displayed on the display device with at least 
part of an entire Scanned range masked. 

68. An optical Scanning probe System according to claim 
67, wherein the optical Scanning unit Sweeps light to form a 
raster, and an image is displayed on the display device with 
a diagonal part of a Scanned range masked. 

69. An optical Scanning probe System according to claim 
67, wherein an image is displayed on the display device with 
part of a field of view, which lies above an optical axis by 
a certain magnitude or more, masked. 

70. An optical probe System comprising: 

an optical probe that is inserted into a body cavity; 

a light Source that generates light which is irradiated to an 
object; 
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a high-magnification observation unit included in the 
distal Section of the optical probe; 

an image parameter Sampling unit that Samples an image 
parameter from an image produced by the high-mag 
nification observation unit; 

an optimization parameter calculation unit that calculates 
an optimization parameter on the basis of the image 
parameter, 

an image optimization unit that optimizes an image 
according to the optimization parameter; and 

an image display device on which an optimized image is 
displayed. 

71. An optical Scanning probe System according to claim 
70, further comprising an image preservation unit in which 
the image is preserved. 

72. An optical Scanning probe System according to claim 
71, wherein the image preservation unit is an image pres 
ervation unit in which a digital image is preserved. 

73. An optical probe System comprising: 

an optical probe that is inserted into a body cavity; 

a light Source that generates light which is irradiated to an 
object; 

a high-magnification observation unit included in the 
distal Section of the optical probe; 

an image digitization unit that digitizes a luminance Signal 
produced by the high-magnification observation unit; 

an image display device on which an image is displayed; 

a digital image preservation unit in which a digitized 
image is preserved; 

a display/preservation Selection device for use in Selecting 
or designating display/preservation parameters, which 
determine a method of displaying and preserving an 
image, on the image display device; and 

a control device that controls at least one of the light 
Source, image display device, and digital image pres 
ervation unit according to the display/preservation 
parameters, and executes display and preservation. 

74. An optical Scanning probe System according to claim 
73, wherein the display/preservation parameters include at 
least one of: 

a parameter concerning a display/preservation mode in 
which at least a Specific image is displayed and/or 
preserved; 

a parameter concerning a reference for Selection based on 
which an image to be displayed on the image display 
device, that is, an object of display and/or preservation 
is Specified; 

a parameter concerning Simultaneously preserved data, 
that is, data other than an image that should be pre 
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Served together with an image displayed on the image a parameter concerning blur correction, that is, whether a 
display device; blur in an image displayed on the image display device 

a parameter concerning timing of preservation, that is, at should be corrected. 
what timing an image displayed on the image display 
device should be preserved; and k . . . . 


